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The determination of heat gain through a building's 
surface under transient environmental conditions is essent-
ial in accurately determining a building's cooling or 
heating load. Over the years, several effective methods for 
performing this task have been developed. These include, but 
are not limited to, the Transfer Function (TF) method 
(1 & 2)* and the Cooling Load Temperature Difference 
(CLTD) method (3). The TF method (1 & 2) employs a set of 
conduction TF coefficients derived from the thermophysical 
properties of a building surface and combines them with 
environmental conditions to determine the heat gain through 
a surface at any time. The method for determining these 
coefficients for a specific surface, which is composed of 
multiple layers, requires the use of a complex computer pro-
gram which is available to very few researchers across the 
country. Once the conduction TF coefficients have been der-
ived and heat gains determined, a different set of TF 
coefficients, referred to as weighting factors, are used to 
convert the heat gains to cooling loads. This new set of co-
* Numbers in parenthesis refer to bibliography at the end 
of this thesis. 
1 
2 
efficients is dependent on several factors. Included are 
wall and floor mass, percentage of wall glass, ceiling type, 
carpeting and drapes, and finally zone size. From this brief 
description, it is easily seen that determining the cooling 
load due to a wall, roof, or other building surfa~e is not a 
simple task. 
The CLTD method (3) for determining the cooling loads 
for a wall or roof is much easier to apply than the TF meth-
od (1 & 2) and does not require the use of a complex 
computer program. This method employs a set of predetermined 
time dependent temperature differences~ CLTDs, for seven 
different wall types and twenty-six different roof types. 
These CLTDs were determined from calculations performed 
using the TF method. To determine which type of wall or roof 
a particular surface matches, the overall conductance and 
the product of mass times specific heat is determined for 
the surface in question. If a surface does not exactly match 
a wall or roof listed, a complicated set of instructions are 
followed to pick the best match. Once a surface is chosen, 
the CLTDs for that surface must be adjusted according to the 
latitude, room design air temperature, outdoor design air 
temperature, and the daily range of outdoor air temperature. 
Finally the corrected CLTDs are multiplied by the overall 
conductance and surface area to determine the cooling load 
due to that surface. This method is tedious to apply and its 
accuracy is questionable under certain conditions. 
Since results obtained from the CLTD method (3) are not 
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always reliable, and the computer program used to generate 
conduction TF coefficients is not generally available, it 
was decided that an improved procedure should be developed. 
To do this, a better way of handling the conduction trans-
fer function coefficients for walls and roofs, as well as 
improved zone weighting factors is required. This thesis 
deals with the wall and roof transfer function coefficients. 
The objective was to devise a method for choosing a prede-
termined set of conduction transfer function coefficients 
to represent a wall or roof assembly, hereafter referred to 
as a surface. The set of coefficients chosen by the method 
developed should characterize the transient heat transfer 
characteristics of the wall or roof with a specified degree 
of accuracy. The method also had to sat isfy several basic 
requirements to be directly applicable in the field. One of 
the requirements was that only simple hand calculations 
would be necessary in choosing the correct set of conduction 
transfer function coefficients, and a complicated set of 
rules, such as those applied in the CLTD method (3), should 
not be required. Another requirement was that any method de-
veloped should be applicable to all reasonably designed 
walls and roofs and that any error inherent to the method 
would be conservative; that is to say the heat gains deter-
mined with the proposed method would be greater than or 
equal to the heat gains determined with the accepted TF 
method (1 & 2). This last requirement is included to help 
ensure that the use of the method will not result in under-
4 
sized heating and cooling equipment. 
To achieve the goal of developing a simple method for 
classifying building surfaces, several important steps were 
taken. These steps, which are discussed in detail further on 
in this paper, include a literature search, specification of 
design parameters, development of a new method, and finally 
the application and verification of the new method. 
The literature search, discussed in the next section, 
investigated methods that fell into two main categories : a) 
analytical methods; b) correlation methods. The simplified 
analytical methods investigated predicted approximate time 
lags (time between peak input and peak output) and amplitude 
ratios (ratio of peak output to peak input). Also included 
are electric analogs and curve-fits to analytical solutions 
for transient heat transfer through one- to three-layer 
walls and roofs. It was hoped that a simple analytical 
method could be used to predict transient heat transfer 
characteristics and that these could be used to choose the 
conduction transfer function coefficients required to calcu-
late heat gains. Correlation methods categorized different 
walls and roofs with similar heat transfer characteristics 
on the basis of their properties. Several parameters were 
studied, including time constants, mass, specific heat, con-
ductance, and insulation placement. There is nearly an 
infinite combination of parameters that could be examined. 
The final method investigated, involved classifying a wall 
or roof using a grouping method based on a combination of 
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several thermophysical and geometric parameters. This method 
resulted in the best overall performance as compared to the 
stated goal and was by far the easiest to apply. 
Once the literature search was completed and the 
grouping method was chosen, data was computed for several 
thousand walls and roofs so that the accuracy of this method 
.could be tested. The thermophysical and geometric parameters 
utilized were adjusted until the range of the time lags and 
amplitude ratios for the walls and roofs in a specific group 
fell within predetermined limits. 
After the grouping method was finalized, an algorithm 
was developed to implement the methodology into an existing 
cooling and heating load computer program~\/ This program was 
then used to generate data from which a comparison between 
the cooling loads computed using: 
(1) Specific transfer function coefficients for a given 
wall or roof. 
(2) Transfer function coefficients for the group in 
which the wall or roof belonged. 
(3) The existing CLTD method. 
Data was also examined to ensure that the accuracy of 2 
above was within set limits. 
The next section deals with the literature search per-
formed for this study. The literature search is followed by 
a methodology section which describes the procedures and 
calculations performed to arrive at the final results. The 
results section details the grouping method developed and 
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describes how well the method performs as compared to 
accepted methods. Next a conclusions and recommendations 
section outlines how the method should be applied in the 
field and wh~t its advantages are over existing procedures. 
Finally a bibliography is given which lists all references 
referred to in this study, as well as appendices containing 
material too detailed for the main body of the thesis. rn~ 
eluded in the appendices are computer program listings with 
sample output and detailed data. A separate report on this 
study by McQuiston and Harris (4) was submitted to Ayres 
Sowell Associates in Fullerton, California to fulfill the 
requirements of the American Society of Heating, Refrigerat-
ing and Air Conditioning Engineers, which funded this study. 
CHAPTER II 
LITERATURE SEARCH 
To develop a method for classifying walls and roofs, 
the literature was screened for alternative procedures which 
were exhaustively examined before a final method was accept-
ed. As previously stated, these procedures fell into two 
main categories: a) analytical methods~ b) correlation meth-
ods. 
Analytical Methods 
For this study, any method which attempted to solve 
Fourier's equation for heat conduction through a solid was 
considered to be an analytical method. 
{1) 
The boundary conditions which are relevant to the particular 
solution desired for this study are the following. 
t(x=O) = Asin(ne/12) (1a) 
t(x=L) = B (1b) 
These boundary conditions state that the temperature on the 
outer side of a surface will follow a sinusoidal profile 
7 
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with a twenty-four hour period, while the temperature on the 
inner side of a surface remains constant. The TF method 
(1 & 2) was implemented as a reference for determining the 
feasibility of any method investigated. The TF method 
(1 & 2) will be discussed in more detail in the next sec-
tion. 
One of the methods investigated was the transmission 
matrix model. This model simulates the conduction of heat 
through a single or multi-layer surface by developing a ma-
• 
trix solution for equation (1) in which the matrix elements 
are composed of conductivity, density, and specific heat 
terms for each surface layer. Papers discussing this model 
were written by Carslaw and Jaeger (6), Vodicka (7), 
Buffington (8), and Rao and Chandra (9). Although this meth-
od predicts the transient temperature response of a surface 
accurately, it involved numerous matrix manipulation tech-
niques which would be difficult at best for field engineers 
to apply. However, examining this method did provide some 
insight to the problem by illustrating important thermophy-
sical properties. 
The electrical analog method was also considered. When 
papers by Liebmann (10), Davies (11 & 12) , Stephenson (13), 
Sonderegger (14), and Paschkis (15) were examined, the fol-
lowing equation was found. 
av = _1_ a2 v 
ae R* C* ()X2 
This equation is based on the fact that for steady state 
( 2) 
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conditions, the flow of electricity is similar to heat flow. 
When comparing equation (2) to equation (1), Fourier's equa-
tion, one can readily see that voltage is analogous to 
temperature and that the 1/R*C* term in equation (2) is 
analogous to the k/pc term in equation (1). In this manner a 
surface can be modeled as an electrical circuit. Although 
this method yields accurate solutions for heat transfer 
through multi-layer surfaces, difficulties arose when at-
tempting to simplify a solution into a form applicable to 
industry. The most promising paper out of those listed above 
presented a new analog method developed by Sonderegger (14). 
Sonderegger considered a multiple layer surface and combin-
ed the layers into an equivalent two or three layer model. 
Equivalent thermal properties we~e determined and used to 
solve the resultin~ matrix. Although this method had the ad-
vantage of being able to handle multiple layers more easily 
than the other analog methods, matrix manipulation was still 
required to obtain a solution. A general solution of the ma-
trix was possible, but the results would be difficult to 
adapt to hand calculation procedures. 
Along with electric analog and transmission matrix me-
thods, direct analytical solutions to the Fourier equation 
were also considered. Among these were solutions by Pratt 
(16 & 17), Huang and Chang (18), and Mackey and Wright 
(19 & 20). In each case the analytical solution for a multi-
layer surface involved so many calculations that it would be 
unreasonable to expect anyone to perform the hand calcula-
10 
tions required. Of these methods, Mackey and Wright (20) 
offered an alternative to the strict analytical solution. 
They presented time lag and amplitude ratio equations which 
were a function of two equivalent properties, as well as 
providing graphical solutions to these equations. The fol-
lowing equations illustrate the two equivalent properties. 
D 
I (pcX) 




n (X/k) = ! (X/k) (4) 
1 
The (kpc)L term in equation (3) is for the outermost layer 
of a surface. In preliminary investigations this method ap-
peared to estimate amplitude ratios and time lags quite 
well, but when a more detailed examination was performed, 
errors resulted. The thermophysical properties of some com-
mon building materials caused the method to fail. Also, the 
order of the middle layers in the surface assembly had no 
effect on the values determined for the equivalent proper-
ties, which is contrary to reality. 
Correlation Methods 
A correlation method can be described as any method 
which attempts to find a correlation between the time lag 
and amplitude ratio for a surface and its thermophysical 
properties and geometry. The methods examined included time 
constants, different combinations of material properties, 
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and finally a grouping technique developed by Sowell (21). 
When examining the correlation between time constants 
and the time lag and amplitude ratio for a surface, it was 
hoped that all surfaces with the same time constant would 
exhibit approximately the same transient heat transfer char-
acteristics. The first time constant considered was based on 
the Fourier and Biot dimensionless numbers as defined by 
Heisler (22) and Arpaci (23). This time constant assumes the 
surface has only one layer and is composed of a homogeneous 
material. Since walls and roofs are normally composed of 
many layers, an equivalent set of properties, from which an 
equivalent time constant could be determined, was derived. 
The equivalent properties for a surface were based on the 
thickness of each layer and the total surface thickness. 
Unfortunately, the time constants derived by this method did 
not correlate well with the the actual transient heat trans-
fer characteristics. Surfaces constructed of different 
materials, but having nearly identical time lags and ampli-
tude ratios would often have completely different time 
constants. Several different parameters such as insulation 
placement, mass, and heat capacitance (mass times specific 
heat) were examined in conjunction with the time constant, 
but the results were still unsatisfactory. The Mackey and 
Wright (20) equivalent properties shown in equations (3) and 
(4) were multiplied together and divided by the convective 
heat transfer coefficient, ho, to form a pseudo time con-
stant. This value did not correlate the time lag and 
amplitude ratio any better than the time constant obtained 
using the Fourier and Biot dimensionless numbers. 
12 
The effect of many different parameters on the trans-
ient heat transfer characteristics of a surface were 
examined in the hopes that an acceptable correlation would 
present itself. These parameters included mass, mass times 
overall conductance, heat capacitance, and overall conduct-
ance. After examining the different combinations of mass, 
conductance, and specific heat, it was decided that the rel-
ative placement of mass and insulation should be included, 
because surfaces with massive layers placed on the outer 
side of the insulation had similar time lags but up to twice 
twice the amplitude ratio of the opposite case. When mass 
placement (mass in, mass out, or integral mass) was combined 
as a parameter with the aforementioned parameters, the re-
sult was a better overall correlation, but there were 
commonly constructed walls and roofs which did not correl-
ate, regardless of the parameters used. 
Grouping Method 
After examining the literature discussed above, the 
decision was made to attempt to group walls and roofs using 
a method developed by Sowell (21). Sowell grouped building 
cooling load zone types with similar time lag and amplitude 
ratios together by examining combinations of zone geometries 
and properties. Since Sowell was only concerned with the 
cooling load for a zone, the amplitude ratio was defined as 
13 
the ratio of the peak cooling load to the peak heat gain. 
Likewise, the time lag was defined as the time between the 
peak cooling load and peak heat gain. The geometries and 
properties he examined included wall glass percentage, zone 
size, whether or not carpeting or drapes were present, the 
ASHRAE wall group (5), ceiling type, and finally, the floor 
type. Sowell investigated the transient cooling load char-
acteristics of the plethora of zone types possible and 
grouped them into groups having a span of plus or minus one 
half hour in the time lag and within plus zero and minus 
twenty percent of the maximum amplitude ratio for that 
group. Each group could then be represented by a single set 
of transfer function coefficients for converting heat gain 
to cooling load. In this manner, thousands of different zone 
types were represented by fewer than one hundred sets of 
coefficients. 
To apply Sowell's method to heat gain through walls and 
roofs, a new set of parameters had to be developed. When the 
appropriate set of parameters were specified, the grouping 
method achieved the desired results by allowing several 
different walls or roofs to be described by a single set of 
conduction transfer function coefficients. The parameters 
and the methodology behind the application of the grouping 
method are discussed in detail in the next section. 
CHAPTER III 
METHODOLOGY 
Transient Heat Transfer Characteristics 
The basic premise for separating walls and roofs into 
groups having similar transient heat transfer behavior is 
that all walls or roofs having the same amplitude ratio and 
time lag, when excited by a sinusoidal driving function, 
will respond similarly under actual conditions. To determine 
the amplitude ratios and time lags for the surfaces consid-
ered in this study, the conduction transfer function 
equation (5), shown below, was used. 
q1 , e = A [ I bn ( te , e - u - I dn {qt , e- DA /A) - t1 I Cn ] ( 5) 
n=O n=t n=O 
In the above equation, the heat gain, qt,e, is determined 
from the surface area, A, the sol-air temperature, te, the 
internal room air temperature, tt, and the conduction trans-
fer function coefficients, bn, dn, and cn. The conduction 
transfer function coefficients for all surfaces considered 
in this study were computed using a program developed by 
Mitalas and Arsenault (24). This program was modified to 
execute on microcomputers. 
To implement equation (5), the sol-air temperature, te, 
14 
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is defined by the following equation. 
te = to + a Gt - £ .6 R 
-no -no 
(6) 
In this equation, to is the outdoor air temperature which is 
a function of time, and Gt is the total incident solar radi-
ation on a surface and is also a function of time. The 
surface absorptance, a, surface emittance, e, outside con-
vective heat transfer coefficient, ho, and the difference 
between the long wavelength radiation incident on the sur-
face from the sky and the radiation emitted by a black body 
at the outdoor air temperature, R, are all constants. 
Following a methodology similar to that applied by 
Sowell (21), the outdoor air temperature and incident solar 
radiation terms in equation (6) can be approximated by sinu-
soids with periods of twenty-four hours. As previously 
mentioned, the data presented in the ASHRAE Handbook (5) for 
a design day sol-air temperature profile shows that while 
several frequencies are present, the 1/24 component is domi-
nant. The last term in equation (6), which represents the 
energy emitted by a surface, is a small constant. This term 
can be omitted since it only shifts the value of the sol-air 
temperature, but does not change the shape of the sinusoid 
used to approximate it. Applying the information above, the 
following equation is produced. 
te,e =to +a Gt = B sin(ne/12) 
--n;-
In the above equation, B, a constant, can be set equal to 
{7) 
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the maximum sol-air temperature for a surface, te.max. Thus, 
the sol-air temperature is defined as a sinusoid with the 
same period as was assumed for the outdoor air temperature 
and solar radiation. 
Since the amplitude ratio is the ratio of the peak out-
put heat gain to the peak input heat flux, one must define a 
reference input heat flux to determine this ratio. The sol-
air temperature is the only external input in equation (5), 
so it is logical to define the reference input heat flux 
with the following equation. 
( qr e f I A) e = ho te , e 
(qre t IA)e = ho te, max sin(n0112) 
( qr e f I A) ra a x = ho te , ID a x ( 8) 
Thus, the reference input heat flux will be a sinusoid with 
a twenty-four hour period. The sol-air temperature, defined 
in equation (7), was multiplied by ho for dimensional agree-
ment and ho was set equal to 3.0 Btulhr-ft2-F to be 
consistent with normal practice. It should be noted that any 
value of ho could be used in equation (8) since it is only a 
scaling factor. The value of ho has no effect on the results 
of this study, as will be shown later. 
Finally, the values of te,e from equation (7) are sub-
stituted into the conduction transfer equation {5) and t1 , 
an arbitrary constant, is set equal to zero. The resulting 
heat gain, determined from equation (5) using an iterative 
17 
procedure, must also be a sinusoid and the ratio of output 
heat flux to input heat flux can be determined with the fol-
lowing equation. 
g1 ,e = a sin(ne/12 - ~) = re ( 9) 
qr e f, •a x 
In the above equation, a is the dimensionless amplitude 
ratio, ~ is the phase lag, and re is the dimensionless heat 
gain at the hour e. 
At the times e = 0 and e = 6, from equation (5) 
(10) 
and 
rs = a sin(n6/12 - ~) 
= a sin(n/2 - ~) 
= a cos ~ . (11) 
Squaring both equations (10) and (11) and adding yields 
ro2 + rs 2 = a2 (sin2~ + cos2~) = a 2 
a = ( ro 2 + rs 2 ) li • (12) 
To accurately determine the phase lag, ~. a computer 
search was performed to determine where the sinusoidal heat 
gain curve crossed the phase lag axis with a positive slope. 
This is of course is valid only if the the input sine wave 
is symmetric about the zero heat flux axis. The difference 
between this point and the ~ = 0 point for the input curve 
is the phase lag. The time lag, D, is determined by 
18 
n = 12 ~/n . 
(13) 
Both the amplitude ratio, a, and the time lag, D, were 
computed for all of the walls and roofs considered in this 
study. The program written to perform this task is listed in 
appendix A along with sample output. A list of the walls and 
roofs examined is given in appendix E. 
The time lags and amplitude ratios for approximately 
2600 walls and 500 roofs were determined. This large number 
of surfaces was required to cover both the range of trans-
ient heat transfer characteristics possible, and to ensure 
that all common wall and roof constructions were included. 
Because of the large number of surfaces, it was necessary 
to combine them into a manageable number of groups based on 
their amplitude ratios and time lags. Criteria were select-
ed, based on the results of Sowell (20), to be plus zero 
percent and minus twenty percent and plus or minus one hour 
for the amplitude ratio and time lag respectively. These 
values were intended to lead to conservative results while 
keeping the number of groups at a minimum. From the results 
of the literature search, the grouping method developed by 
Sowell was used to accomplish the above and is discussed 
below. 
Grouping Method 
When first attempting to group all of t~e walls togeth-
er, the only parameters considered were wall mass and 
overall conductance. It was found that the time lags and 
amplitude ratios for walls with similar mass and overall 
conductance, but different constructions, did not agree 
well. The time lag differences were up to four hours and 
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the ratio of the minimum to the maximum amplitude ratio for 
each group was as low as 0.40. To narrow these values, the 
location of the massive element(s) in the surface was added 
as a parameter. For example, if insulation was placed on the 
inner side of a wall and concrete was placed on the outer 
side, this was designated the mass out case. If the insul-
ation and concrete placement was reversed, it was termed the 
mass in case. Finally, if a wall contained two massive com-
ponents placed on both sides of an insulating layer, the 
case was designated as integral mass. A mass of 12 lb/ft2 
was chosen as a minimum to represent a massive element. This 
mass value includes most common masonry building materials 
such as concrete, concrete block, brick, and clay tile. This 
appears to be logical when examining the mass of the mater-
ials listed in Table VII, and also provided excellent 
results when correlating the data into groups. The only mat-
erial with a mass greater than 12 lb/ft2 which was not 
considered a massive material was 4 in. wood (B9). This was 
done because its mass is close to 12 lb/ft2 and it behaves 
thermally more like insulation than masonry. Also included 
in the integral mass case were walls with no insulation and 
walls with only lightweight components (i.e., < 12 lb/ft2 ). 
By adding mass placement as a parameter, better agreement 
was achieved, but the lag and amplitude ranges were still 
too large to be acceptable. 
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After examining the results of previous grouping 
attempts, it was decided that a new grouping parameter, the 
principal wall material, should replace the wall mass para-
meter. A principal wall material is any material which 
could be considered the major component of the wall con-
struction. As the term is used in this case, the major 
component is normally the most massive wall element, al-
though this is not always the case. Twenty-five principal 
wall materials were chosen after examining all of the walls 
listed in the ASHRAE Handbook (5). It was also discovered 
that the principal wall materials were always combined with 
certain inside or outside layer materials, such as gypsum, 
stucco, metal siding, finish, or face brick. This inner or 
outer layer material was also added as a parameter. 
A plot of amplitude ratio versus time lag for all of 
the walls considered in this study is shown in Figure 1. It 
can be seen that as the time lags become large the amplitude 
ratios tend to approach zero. After observing this it was 
decided to normalize the amplitude ratios using their 
respective overall conductances. The conduction transfer 
function coefficients for all surfaces with equivalent norm-
alized amplitude ratios and time lags can be derived from a 
single set of coefficients. This was achieved by multiplying 
the bn and cn coefficients by the ratio of the overall con-
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Figure 1. Plot of Amplitude Ratio vs Time Lag for 
all Walls 
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surface for which the conduction transfer function coeffic-
ients were determined. Details of this method for adjusting 
conduction transfer function coefficients are listed in the 
ASHRAE Handbook (5). This scheme resulted in a large reduc-
tion in the number of wall groups required. A new plot with 
normalized amplitude ratios may be seen in Figure 2. The 
number of wall designations or types was reduced to forty-
one. The same procedure was performed for the roofs and 
resulted in forty-two different roof types. All of the time 
lags within each wall type were within plus or minus one 
hour and all normalized amplitude ratios contained in each 
type were within plus zero and minus twenty percent. The 
tables presenting the wall groupings are in the next section 
along with an explanation of how to apply them. 
The grouping program used to sort the wall data and 
generate the tabulated results, shown in the next section, 
is listed in appendix A. The wall grouping program read a 
data file containing the time lags, normalized amplitude 
ratios, mass placements, principal wall materials, overall 
thermal resistances, and the outer or inner layer materials 
for each wall considered in this study. This data was sorted 
and the data for all walls having the same combination of 
parameters was placed in a new array for further processing. 
Once all of the data was sorted, the array elements contain-
ing more than one wall were analyzed and the minimum, 
maximum, and mean time lags and normalized amplitude ratios 
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Figure 2. Plot of Normalized Amplitude Ratio vs Time 
Lag for all Walls 
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types were formed. All elements with similar time lags and 
normalized amplitude ratios were then placed into a group 
specified by a unique wall type number which was represented 
by a set of conduction transfer function coefficients. Sam-
ple output for the wall sorting program is given in appendix 
A. Data for approximately 2600 walls was analyzed in this 
phase of the study and the range of time lags and normalized 
amplitude ratios of the walls represented by each wall type 
number was within the predescribed error limits. 
A similar grouping method, which resulted in one table 
which can be used to classify all roofs, was implemented for 
the roofs. A set of principal roof materials was selected 
and included all concrete, wood, and roof terrace systems. 
Again, the roof conductance and mass placement were used as 
parameters and the amplitude ratios were normalized with the 
overall conductance. The final parameter chosen was whether 
or not the roof assembly was combined with a suspended ceil-
ing. With this set of four parameters, all of the time lags 
and normalized amplitude ratios for the roofs in each group 
were within error limits. Data for approximately 500 roofs 
was generated in this phase of the study. A program similar 
to that used for the walls was used to sort the data into 
forty-two unique roof types and generate tabulated results. 
Again, each roof type number is represented by a unique set 
of conduction transfer function coefficients. The roof pro-
gram listing and sample output is listed in appendix A. 
To assign a set of conduction transfer function coeffi-
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cients to each unique wall and roof type, the maximum 
normalized amplitude ratio and mean time lag for all of the 
surfaces specified by a particular type number were anal-
yzed. The surface which best matched these transient heat 
transfer characteristics was chosen to represent each wall 
or roof type as specified by that surfaces transfer function 
coefficients. A complete listing of the walls and roofs cho-
sen to represent the various types is given in appendix C. 
Included are the conduction transfer function coefficients 
and a description with code letters defining the exact con-
struction of each surface. The 41 walls and 42 roofs, whose 
conduction transfer function coefficients are listed in 
appendix C, were selected to represent all possible ranges 
of transient heat transfer characteristics. The method for 
selecting the correct wall or roof type from this list for a 
specific surface is presented in the next chapter. 
Earlier in this section an arbitrary value of ho was 
selected. Since a value of 3.0 Btu/hr-ft2 -F was used, the 
maximum possible normalized amplitude ratio is 1/3.0 as 
evidenced in Figure 2. This value is approached with light-
weight frame walls. To show that the value of ho has no 
effect on the grouping method discussed above, consider 
equation (7), which defines the sol-air temperature for this 
study. The sol-air temperature, as defined for the determi-
nation of time lags and amplitude ratios, is not a function 
of ho; therefore, the heat gains obtained by equation (5} 
are independent of the value of ho for a particular set of 
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conduction transfer function coefficients. The magnitude of 
the reference input heat flux obtained from equation (8) 
does however depend on ho. If, for example, a value of ho 
equal to 1.0 Btu/hr-ft2 -F had been used, all normalized amp-
litude ratios would have a magnitude three times the values 
shown in Figure 2. 
The grouping method used does not depend on the magni-
tude of the normalized amplitude ratios, but does depend on 
the ratio of the minimum to the maximum normalized amplitude 
ratio for surfaces within a particular group. The grouping 
criterion of plus zero percent to minus twenty percent for 
normalized amplitude ratios means that the ratio of the min-
imum to the maximum normalized amplitude ratio for a group 
will be greater than or equal to 0.8. Assume that the min-
imum and maximum normalized amplitude ratios for a group 
with a time lag of plus or minus one hour and ho of 3.0 
Btu/hr-ft2-F were 0.24 and 0.30 respectively. The ratio of 
the minimum to the maximum in this case is 0.8. When a value 
of ho equal to 1.0 Btu/hr-ft2-F is used, the minimum and 
maximum normalized amplitude ratios become 0.72 and 0.90 
respectively. Again, the ratio of the minimum to the maximum 
is 0.8. The value of ho just acts as a scaling factor. Also, 
since ho only affects the magnitude of the reference input 
heat flux, the time lags determined will be identical for 
any value of ho used. 
The method of adjusting the bn and cn conduction trans-
fer function coefficients for a given surface to represent a 
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new surface with similar transient heat transfer character-
istics, but a different overall conductance, is outlined in 
the ASHRAE Handbook {5). As previously noted, the bn and cn 
coefficients are multiplied by the overall conductance of 
the surface for which a new set of bn and cn coefficients 
are desired, and divided by the overall conductance of the 
surface for which the the bn and cn coefficients were origi-
nally derived. The dn conduction transfer function 
coefficients are not modified. This new set of transfer 
function coefficients could then be used to determine heat 
gains for the new surface. Since the ASHRAE Handbook (5) 
presents this method without references or proofs, it was 
deemed necessary to validate it. This method of adjusting 
transfer function coefficients is the basis for the applica-
tion of the classification method developed in this thesis. 
Whenever the wall or roof type of a surface is determined, 
the set of conduction transfer function coefficients belong-
ing to that surface type {see appendix C) must be adjusted 
with the overall conductance of the surface in question, to 
produce a set of coefficients which would mimic the tran-
sient heat transfer characteristics of the surface desired. 
To validate this method, the conduction transfer func-
tion coefficients for two different wall types were chosen 
and their corresponding time lags, amplitude ratios, and 
normalized amplitude ratios were determined. The time lags 
and amplitude ratios were calculated using the Lag-Amplitude 
program listed in appendix A. If the transfer function ad-
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justment method is valid, any set of coefficients derived 
from the original set, by multiplying the bn and Cn coeffi-
cients by the overall conductance ratio, would produce the 
same time lag and normalized amplitude ratio. Table I sum-
marizes the results of a study undertaken to prove this 
point. 
In Table I, the (a) cases represent the results ob-
tained from the actual conduction transfer function 
coefficients for wall types 5 and 18. A description of these 
wall types, along with their corresponding transfer function 
coefficients, is given in appendix C. Cases (b), (c), and 
(d) represent the results obtained for three different walls 
specified by the same wall type. The conduction transfer 
function coefficients for each of these three cases were 
derived from the coefficients corresponding to the (a) case 
by modifying the bn and cn coefficients with the corre-
sponding overall conductance ratios. Although the amplitude 
ratios for cases (b), {c), and (d) are all different, their 
corresponding time lags and normalized amplitude ratios are 
equal and identical to those listed for the (a) case. This 
appears to be valid for any range of R-Values, and shows 
that the bn and cn coefficients control the amplitude ratio 
while the dn coefficients control the time lag for a sur-
face. Since the modified conduction transfer function coef-
ficients for cases (b) , (c) , and (d) produced the same time 
lags and normalized amplitude ratios as case (a), one can 



















(hours) Ratio Amplitude Ratio 
7.76 5.11 0.02758 0.21397 
1.50 5.11 0.15284 0.21397 
9.10 5.11 0.03014 0. 21397 
21.50 5.11 0.00995 0.21397 
6.70 8.73 0.01313 0.07970 
2.75 8.73 0.02896 0.07970 
8.40 8.73 0.00948 0.07970 
21.50 8.73 0.00370 0.07970 
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outlined in the ASHRAE Handbook (5) is valid. 
In the classification method developed in this thesis, 
surfaces are grouped together such that all surfaces, with 
time lags and normalized amplitude ratios within set limits, 
are represented by a single set of conduction transfer func-
tion coefficients. From this set of coefficients, the time 
lags and amplitude ratios, and thus the heat gains, may be 
determined for any surface contained in that particular 
group or classification. 
CHAPTER IV 
RESULTS 
This chapter provides a detailed discussion of the re-
sults obtained with the wall and roof classification method 
developed in this thesis. Several important items are dis-
cussed, including implementation of the procedure for 
choosing a set of conduction transfer function coefficients 
to represent a given surface, verification of the new meth-
od's accuracy, and a comparison of cooling loads computed 
by: 
(1) Specific conduction transfer function coefficients 
for a given surface. 
(2) Transfer function coefficients for the group in 
which the surface belongs. 
(3) The existing CLTD method. 
When comparing the three methods noted above, special care 
is taken to cover a wide range of possible cases, so that 
any problems with 2 and 3 above may be identified. 
Finally, the effect of different thermal response 
factors on methods 1 and 2 above are investigated and com-
pared to the CLTD method which can not differentiate between 
different conduction zone types. The thermal response fact-
ors are the transfer function coefficients used to convert 
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heat gains to cooling loads. 
Wall Classifications 
Tables II, III, and IV show the results for all the 
walls considered in this study. The numbers in these tables 
refer to the wall types, where each wall type has a specific 
set of conduction transfer function coefficients which are 
shown in appendix C. Table II is for walls with massive lay-
er(s) placed inside compared to insulating layer(s). Table 
III is for walls with massive layers placed on both sides of 
any insulating layers, or for walls with no insulation. 
Table IV is for walls with massive layer(s) placed outside 
compared to insulating layer(s). These three cases are 
termed mass in, integral mass, and mass out respectively. 
The principal wall materials and R-Value ranges used in Ta-
bles II, III, and IV are defined in Tables V and VI. 
To properly use these tables to classify a wall, one 
must understand what is meant by the terms massive and 
insulating layers. For this study, a massive layer was con-
sidered to be any layer of building material composed of 
brick, concrete, concrete block, or clay tile with a thick-
ness of two inches or greater. Table VII, which is a 
modified version of a similar table in the ASHRAE Handbook 
(4), lists the thermophysical properties of all building 
materials considered in this study. Referring to this table, 
the massive materials are A2, A7, and Cl through C20. All 
other materials are considered to be non-massive. The insul-
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TABLE II 
WALL TYPES FOR THE MASS IN CASE. 
PRINCIPAl YALL nATERIALS 
--------------------------------------------------------------------------------------R l 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
--------------------------------------------------------------------------------------c 1 * * * * * * * * * * * * * * * * 2 * ll * * * * * * 
0 2 * 5 * * * * * * * 5 * * * * 11 * 2 6 * * * * * * * 
" 
3 * 5 * * * 3 * 2 5 6 * * 5 * 12 18 2 6 * * * * * * * 
B 4 * 5 * * * 4 2 2 5 6 * * 6 12 12 19 2 7 * * * * * * * I 5 * 5 * * * 4 2 3 6 6 10 4 6 17 12 19 2 7 * * * * 5 * * N 6 * 6 * * * 5 2 4 6 6 11 5 10 17 13 19 2 11 * * * * 10 * 16 E 7 * 6 * * * 5 2 4 6 6 11 5 10 18 13 20 2 11 2 * * * 10 * 16 D 8 * 6 * * * 5 2 5 10 7 12 5 11 18 13 26 2 12 2 * * * 10 * 17 9 * 6 * * * 5 4 5 11 7 16 10 11 18 13 20 3 12 4 5 * * 11 * 18 Y/ 10 * 6 * * * 5 4 5 11 7 17 10 11 18 13 20 3 12 4 9 10 * 11 * 18 11 * 6 * * * 5 4 5 11 7 17 10 11 19 13 27 3 12 4 10 15 4 11 * 18 A1 12 t 6 * * * 5 4 5 11 11 17 10 11 19 19 27 3 12 4 10 16 4 11 * 24 
l13 * 10 * * * 10 4 5 11 11 17 10 11 19 18 27 4 12 5 11 17 9 12 15 25 
a/:14 t 10 * * * 10 5 5 11 11 18 11 12 25 19 27 4 12 5 11 17 10 16 16 25 
OR:t5 * 11 * t * 10 5 9 11 11 18 15 16 26 19 28 4 12 5 11 17 10 16 22 25 
:t6 * 11 * * * 10 9 9 16 11 18 15 16 26 19 34 4 17 9 16 23 10 16 23 25 
Et: 17 * * * * * * t * * * 24 16 * * * * * * 9 16 24 15 17 24 25 
--------------------------------------------------------------------------------------c 1 * * * * * * * * * * * * * * * * 1 * * * * * * * * 
0 2 * 3 * * * * * 2 3 5 * * * * 11 * 2 6 * * * * * * * 
n 3 * 5 * * * 2 * 2 5 3 * * 5 * 12 18 2 6 * * * * * * * B 4 * 5 * * * 3 1 2 5 5 * * 5 11 12 19 2 7 * * * * * * * I 5 * 5 * * * 3 2 2 5 5 6 3 5 12 12 19 2 7 * * * * 5 * * N 6 * 6 * * * 4 2 2 5 5 10 4 6 12 12 19 2 7 * * * * 5 * 11 E 7 * 6 * * * 5 2 2 6 6 11 5 6 17 13 20 2 7 2 * * * 6 * 12 D 8 * 6 * * * 5 2 3 6 6 11 5 6 18 13 20 2 7 2 * t * 6 * 17 9 * 6 * t * 5 2 3 6 6 11 5 6 18 13 20 2 8 2 5 * t 10 * 17 Y/ 10 * 6 * t * 5 2 3 6 6 12 5 6 18 14 21 2 12 2 5 10 * 11 * 17 
11 * 6 * * * 5 2 3 6 6 12 5 6 18 14 21 3 12 4 5 11 4 11 * 18 A3 12 * 6 * * * 5 2 3 6 7 12 6 11 19 14 21 3 12 4 10 16 4 11 * 18 
ll3 * 6 * * * 5 2 4 6 7 12 10 11 19 14 27 3 12 5 10 17 5 11 10 18 
0 :14 * 10 * * * 6 4 4 10 7 17 10 11 19 18 27 4 12 5 11 17 9 11 16 18 
R l15 * 10 * * * 10 4 4 10 11 17 10 11 25 18 28 4 12 5 11 17 10 11 16 18 
:16 * 11 * * * 10 4 5 11 11 17 10 11 25 18 28 4 12 9 11 18 10 16 17 24 A6: 17 * * * * * * * * * * 17 10 * t * * t * 9 16 24 11 16 23 25 
--------------------------------------------------------------------------------------c 1 t * * * * t t * * * * t * * * * * * * t * * * * * 
0 2 3 t * * * * * * * 11 * * * * * * 6 * * * * * * * * 
n 3 5 11 * * * * * 6 11 12 * * * * 18 * 6 12 * * * * * * * B 4 5 12 5 * * 11 * 11 12 12 * * 12 * 19 26 7 13 * * * * * * * I 5 5 12 6 * * 12 6 12 12 13 * * 12 24 19 27 7 14 * * * * * * * N 6 6 13 6 10 * 13 10 12 12 13 17 11 17 25 20 27 7 18 * * * * 16 • 24 E 7 6 13 6 11 * 18 11 12 13 13 18 16 17 26 20 28 7 19 11 * * * 17 * 25 D s 6 13 6 11 * 18 11 12 13 13 24 17 18 26 20 28 12 19 11 * * * 17 * 25 9 6 13 6 11 24 18 11 13 18 13 25 17 18 27 20 29 12 19 11 16 * * 18 * 26 Y/ 10 6 13 10 16 25 19 11 13 18 13 25 17 18 27 26 35 12 19 11 17 23 * 18 * 26 
11 6 14 10 16 32 19 11 13 18 14 25 17 18 33 21 35 12 19 16 23 24 16 18 * 33 
A2 12 6 14 10 16 32 19 11 13 18 14 26 18 18 34 27 35 12 19 16 24 31 16 19 * 33 
13 6 18 11 16 33 19 12 13 18 18 26 18 18 34 27 36 12 20 17 24 32 17 25 30 33 
0 ,14 10 18 11 17 33 19 12 13 18 18 26 18 18 34 27 36 12 20 17 24 32 23 25 31 34 
R :t5 10 18 11 17 34 19 16 18 18 18 26 24 25 34 27 36 12 20 17 25 33 24 25 32 34 
l16 11 19 15 23 39 26 16 18 24 19 32 24 25 34 27 36 17 26 23 31 33 24 25 32 34 
A7:17 t * * 23 39 * 16 * * * 33 24 * 35 * * * * 23 32 38 24 25 38 39 
* - DENOTES A WALL YHICH IS NOT POSSIBLE YITH CHOSEN COftBINATION OF ftATERIALS a 
R-VALUE RANGE. 
NOTE: NUftBERS IN TABLE REFER TO TRANSFER FUNCTION COEFFICIENTS LISTED IN APPENDIX C. 
TABLE III 
WALL TYPES FOR THE INTEGRAL MASS CASE 
PRINCIPAL UALL ftATERIALS 
R : 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
c 1 
0 2 














































1 3 * * * * * 1 3 3 * * 
1 3 1 * * 2 * 2 4 4 * * 
1 4 1 * * 2 2 2 4 4 * * 
1 * 1 * * 2 2 * * * 10 4 
1 * 1 2 * * 4 * * * 10 4 
1 * 1 2 * * * * * * 10 4 
1*12******** 
1 * 2 4 10 * * * * * * * 
1 * 2 4 11 * * * * * * * 
1 * 2 4 16 * * * * * * * 
1 * 2 4 16 * * * * * * * 
1 * 2 5 17 * * * * * * * 
2 * 2 5 17 * * * * * * * 
2 * 2 5 17 * * * * * * * 
2 * 2 9 24 * * * * * * * 
2 * 4 9 24 * * * * * * * 
* * * 9 24 * * * * * * * 
* * 11 * 2 5 * * * 
5 * 11 17 2 5 * * * 
5 10 12 17 4 5 * * * 
5 10 * 17 * * * * * 
* 10 * * * * * * * 
* * * * * * 2 * * 
* * * * * * 2 * * 
* * * * * * 4 4 * 
*******4* 
• * * * * * * * 9 
********9 
* * * * * * * * * 
* * * * * * * * * 
* * * * 
* * * * 
* * * * 
* 4 * * 
* 4 * 10 
* 4 * 10 
* * * 10 
* * * * 
* * * * 
* * * 
4 * * 




* * 15 * 
* * 15 * 
* * * * 
1 3 * 
1 3 1 
1 4 1 
1 * 1 
1 * 1 
1 * 1 
1 * 1 
1 • 1 
1 • 1 
1 * 2 
1 * 2 
1 * 2 
1 * 2 
1 * 2 
1 * 2 
2 * 4 
* * * 
* * * * 
* * * * 
* * * * 
* * * * 
* * * * 1 3 2 * * * • 6 * 
* * 2 * 1 3 2 * * 3 * 6 12 
* * 2 1 2 4 4 * * 3 10 11 12 
* * 4 1 * * * 5 2 4 10 * 12 
2 * * 2 * * * 5 2 * 10 * * 
2 * * * • * * 10 4 * * * * 
2 * * * * * * * * * * * * 
2 10 * * * * * * * * * * * 
4 11 * * * * * * * * * * * 
4 16 * * * * * * • * * * * 
4 16 * * * * * * * * * * * 
4 17 * • * * * * * * * * * 
5 17 * * * * * * • * * * * 
5 17 . * * * * * * * * * * * 
5 18 * * * * * * * * * * t 
9 24 * * * * * * * * * * * 

















* * * * 
* * * * 
1 5 * * * * * * * 
15******* 
2 5 * * * * * * * 
* * * * * * 4 * * 
* * * * * * 4 * 10 
* * 2 * * • 4 * 10 
* * 2 * * * * * 10 
* * 4 4 * * * * * 
***4***** 
* * * * 9 * * * * 
* * * * 9 2 * * * 
* * * * * 4 * * 
* * * * * * * 10 * 
* * * * * * * 15 * 
********* 
********* 
* * * * * * * * * 
3 6 * * * * * * * 6 * * * * * * 3 11 * * * * * * * 
3 10 * * * * * 5 10 10 * * * * 17 24 5 11 * * * * * * * 
4 10 5 * * 5 * 5 10 11 * * 10 * 17 25 5 16 * * * * * * * 
* 11 5 * * 10 5 5 11 11 15 10 10 17 18 26 5 17 * * * * 10 * * 
* 11 5 10 * 10 5 5 11 11 16 10 16 23 18 26 5 17 * * * * 10 * * 
* 11 * 11 * 10 5 5 16 11 17 10 16 24 18 33 5 17 * * * * 16 * 23 
* 11 * 11 * 10 5 10 16 16 17 10 16 25 25 33 5 17 5 * * * 16 * 23 
* 16 * * 22 10 9 10 16 11 17 11 16 25 25 34 10 18 9 * * * 16 * 24 
* 16 * * 23 11 9 10 16 16 24 16 16 26 25 34 10 18 10 15 * * 17 * 25 
* 16 * * * 15 9 10 16 17 24 15 16 26 26 34 10 18 10 15 22 * 17 * 25 
* 16 * * * 15 10 10 17 16 24 16 17 33 26 35 10 18 10 16 23 10 23 * 25 
* 16 * * * 16 10 10 17 17 24 16 17 33 26 35 10 18 10 16 23 15 23 * 32 
* 16 * * * 16 10 10 17 16 25 17 17 33 26 35 10 24 15 23 24 15 24 23 32 
* 17 * * * 16 10 15 23 17 31 23 24 33 26 40 10 24 15 23 31 16 23 30 32 
* 17 * * * 16 15 15 23 23 31 23 24 38 33 40 10 24 15 24 31 16 23 30 32 
* 23 * * * 22 15 16 24 24 32 23 24 38 33 41 15 25 15 23 32 22 23 31 32 
* * * * * * 15 * * * 32 23 * 39 * * * * 22 30 32 23 24 32 38 
* - DENOTES A UALL UHICH IS NOT POSSIBLE UITH CHOSEN COftBINATION OF ftATERIALS & 
R-YALUE RANGE. 




WALL TYPES FOR THE MASS OUT CASE 
PRINCIPAL WALL nATERIALS 
--------------------------------------------------------------------------------------
R : 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
-------- -----------------------------------------------------------------------------
c 1 * * * * * * * * * * * * * :1: * * 1 * * * * * * * * 
0 2 * 3 * * * * * 2 3 5 * * :1: * 6 • 1 5 * :1: :1: * :1: :1: * 
" 
3 * 3 :1: * * 2 :1: 2 4 5 :1: :1: 5 * 11 18 2 5 :1: :1: :1: * * :1: :1: 
B 4 * 3 * * * 2 2 2 5 5 * * 5 16 11 18 2 5 * * :1: * * * * 
I 5 * 3 * * * 2 2 2 5 5 10 4 6 17 11 19 2 6 * * * * 5 * * 
N 6 * 4 * * * 4 2 2 5 5 10 4 6 17 11 19 2 6 * * * * 9 * 16 
E 7 * 4 * * * 4 2 2 5 6 11 5 10 17 12 19 2 6 2 * * * 10 * 16 
D 8 * 5 * * * 4 2 2 5 6 11 5 10 18 11 20 2 6 4 * * * 10 * 16 9 * 5 * * * 4 2 2 5 6 11 5 10 18 11 26 2 6 4 9 * * 10 * 17 
W/ 10 * 5 * * * 5 2 4 5 6 16 10 10 18 12 26 2 6 4 9 15 * 10 * 17 
11 :1: 5 * * * 5 4 4 5 6 16 10 10 18 12 26 2 6 4 10 15 4 11 * 18 
A1 12 * 5 * * * 5 4 4 10 6 16 10 10 18 12 26 2 10 5 10 16 9 11 J: 18 
:t3 * 5 * I * 5 4 4 10 10 17 10 11 18 12 26 2 10 5 11 17 9 11 15 24 &./: 14 :1: 5 * * * 5 4 4 10 10 17 10 11 24 18 26 2 10 9 15 23 10 16 16 24 
OR:t5 * 5 :1: * * 9 4 4 10 10 17 10 15 25 18 26 2 10 9 15 23 10 16 22 24 
:t6 * 9 * * * 9 9 9 15 10 17 10 15 25 18 33 4 11 9 16 24 15 16 23 24 
n:11 * * * * * * * * * * 23 15 * :1: :1: * * * 9 22 24 15 16 24 25 
--------------------------------------------------------------------------------------
c 1 * t * :1: * * * * * * * * * * * * 1 * * * * * * * * 
0 2 * 3 * * * * * 2 3 2 * :1: :1: :1: 6 * 1 5 :1: :1: :1: :1: :1: :1: :1: 
" 
3 :1: 3 :1: :1: :1: 2 :1: 2 3 2 :1: * :1: :1: 10 17 1 5 :1: :1: :1: :1: :1: :1: :1: B 4 * 3 :1: :1: :1: 2 1 2 4 3 :1 * 4 11 11 17 1 5 :1: :1: :1: :1: :1: :1: * I 5 * 3 * * :1: 2 2 2 4 3 5 2 5 11 11 18 1 6 :1: :1: :1: :1: 4 :1: :1: 
N 6 :1: 3 :1: :1: :1: 2 2 2 4 3 10 3 5 12 11 18 2 6 * :1: :1: :1: 5 * 10 
E 7 :1: 3 :1: :1: :1: 2 2 2 5 3 10 4 5 12 11 18 2 6 2 :1: :1: :1: 5 :1: 11 
D 8 * 4 :1: :1: * 2 2 2 5 3 10 4 5 12 11 18 2 6 2 :1: :1: :1: 5 :1: 12 9 * 4 * :1: :1: 2 2 2 5 4 11 5 5 17 11 18 2 6 2 5 * :1: 6 :1: 16 W/ 10 :1: 5 :1: :1: :1: 2 2 2 5 4 11 5 5 17 11 19 2 6 2 5 10 :1: 6 * 17 
11 :1: 5 :1: :1: :1: 2 2 2 5 4 11 5 5 17 12 19 2 6 4 5 11 4 10 :1: 17 
A3 12 * 5 :1: :1: :1: 4 2 2 5 5 11 5 5 17 12 19 2 6 4 10 15 4 10 :1: 17 13 :1: 5 :1: :1: :1: 4 2 2 5 5 11 5 10 18 12 19 2 10 4 10 16 5 10 10 17 
0 14 :1: 5 :1: :1: :1: 4 2 4 5 5 16 9 10 18 12 25 2 10 4 10 17 9 10 16 17 
R 15 :1: 5 :1: :1: :1: 4 4 4 9 5 16 9 10 18 16 25 2 10 5 11 17 10 10 16 18 
16 :1: 9 :1: :1: :1: 4 4 4 9 9 16 10 10 24 17 25 4 10 5 11 17 10 11 17 18 
A6117 :1: :1: :1: :1: :1: :1: :1: :1: :1: :1: 16 10 :1: * :1: :1: * :1: 9 16 23 10 15 23 24 
-------- -----------------------------------------------------------------------------
c 1 :1: :1: :1: :1: :1: * * :1: :1: :1: :1: * :1: :1: :1: :1: * :1: :1: :1: :1: :1: * :1: :1: 
0 2 3 :1: :1: * * * * :1: :1: 11 :1: * :1: :1: * :1: 5 :1: :1: :1: * :1: :1: :1: * 
" 
3 3 10 :1: :1: :1: * :1: 5 10 11 * * :1: * 17 :1: 5 12 * :1: * :1: * t * 
B 4 3 11 5 * * 10 * 5 11 11 * * 11 * 18 26 6 12 * * t * * * * 
I 5 3 11 5 t * 10 5 6 11 11 * :1: 11 24 18 26 6 13 :1: :1: * :1: :1: * * 
N 6 3 11 5 10 * 10 5 10 11 11 17 10 11 24 18 26 6 13 :1: :1: * :1: 16 :1: 23 
E 7 3 12 5 10 * 10 9 10 11 12 17 11 16 25 19 27 6 17 9 * * :1: 16 t 23 
D 8 4 12 5 10 * 10 10 10 12 12 17 15 16 25 19 27 6 17 10 :1: * :1: 16 :1: 24 9 4 12 5 10 23 11 10 10 12 12 23 16 17 26 19 27 10 18 10 15 :1: :1: 16 * 25 
W/ 10 5 12 5 15 24 11 10 10 16 12 24 16 17 26 19 34 10 18 10 16 22 * 17 :1: 25 
11 5 12 9 15 30 11 10 10 16 12 24 16 17 26 19 34 10 18 10 16 23 15 17 :1: 25 
A2 12 5 12 10 15 31 11 10 10 17 12 24 16 17 26 25 34 10 18 10 22 24 15 17 :1: 32 
13 5 17 10 16 32 11 10 11 17 17 24 16 17 26 25 34 11 18 15 23 30 15 23 23 32 
0 14 5 17 10 16 32 15 10 11 17 17 25 16 17 33 25 34 11 18 15 23 31 22 23 30 32 
R 15 5 17 10 16 32 16 15 15 17 17 25 22 23 33 26 35 11 18 15 23 31 22 23 30 32 
16 9 17 15 16 32 16 15 15 23 17 31 22 23 33 26 40 15 24 15 23 32 23 24 31 32 
A7 17 :1: :1: :1:. 22 38 * 15 :1: :1: ,:1: 31 23 :1: 33 :1: :1: * * 22 30 37 23 24 37 38 
* - DENOTES A WALL WHICH IS NOT POSSIBLE WITH CHOSEN COnBINATION OF nATERIALS I 
R-YALUE RANGE. 
NOTE: NUnBERS IN TABLE REFER TO TRANSFER FUNCTION COEFFICIENTS IN APPENDIX C. 
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TABLE V 
WALL R-VALUE RANGE DEFINITIONS 
R-Value Range { R) R-Values 
{hr-ft2-F/Btu) 
1 0.00 - 2.00 
2 2.00 - 2.50 
3 2.50 - 3.00 
4 3.00 - 3.50 
5 3.50 - 4.00 
6 4.00 - 4.75 
7 4.75 - 5.50 
8 5.50 - 6.50 
9 6.50 - 7.75 
10 7.75 - 9.00 
11 9.00 - 10.75 
12 10.75 - 12.75 
13 12.75 - 15.00 
14 15.00 - 17.50 
15 17.50 - 20.00 
16 20.00 - 23.00 
17 23.00 - 27.00 
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TABLE VI 
PRINCIPAL WALL MATERIALS 
MATERIAL LAYER DESCRIPTION 
NUMBER CODE 
1 A1, A3, A6, 1" STUCCO, STEEL SIDING, FINISH, 
OR E1 OR GYPSUM 
2 A2 ·oR A7 4" FACE BRICK 
3 B7 1" WOOD 
4 B10 2" WOOD 
5 B9 4" WOOD· 
6 C1 4" CLAY TILE 
7 C2 4" LW CONCRETE BLOCK 
8 C3 4" HW CONCRETE BLOCK 
9 C4 4" COMMON BRICK 
10 C5 4" HW CONC 
11 C6 8" CLAY TILE 
12 C7 8" LW CONCRETE BLOCK 
13 c8 8" HW CONCRETE BLOCK 
14 C9 8" COMMON BRICK 
15 C10 8" HW CONCRETE 
16 C11 12" HW CONCRETE 
17 C12 2" HW CONCRETE 
18 C13 6" HW CONCRETE 
19 C14 4" LW CONCRETE 
20 C15 6" LW CONCRETE 
21 C16 8" LW CONCRETE 
22 C17 8" LW CONCRETE BLOCK(FILLED) 
23 C18 8" HW CONCRETE BLOCK(FILLED) 
24 C19 12" LW CONCRETE BLOCK(FILLED) 
25 C20 12" HW CONCRETE BLOCK(FILLED) 
CODE 
TABLE VII 
THERMAL PROPERTIES AND CODE NUMBERS OF LAYERS USED 
IN WALL AND ROOF DESCRIPTIONS 
DESCRIPTION THICKNESS AND THERMAL PROPERTIES 
NUMBER L K D SH R MASS 
AO OUTSIDE SURF RESISTANCE 0.0 0.0 0.0 0.0 0.333 0.0 
A1 1" STUCCO 0.0833 0.4 116.0 0.20 0.208 9.7 
A2 4" FACE BRICK 0.333 0.77 125.0 0.22 0.432 41.7 
A3 STEEL SIDING 0.005 26.0 480.0 0.10 0.000 2.4 
A4 1/2" SLAG 0.0417 0.11 70.0 0.40 0.379 2.2 
AS OUTSIDE SURF RESISTANCE 0.0 0.0 0.0 0.0 0.333 0.0 
A6 FINISH 0.0417 0.24 78.0 0.26 0.174 3.3 
A7 4" FACEBRICK 0.333 0.77 125.0 0.22 0.432 41.7 
81 AIR SPACE RESISTANCE 0.0 0.0 0.0 0.0 0.910 0.0 
82 1" INSULATION 0.083 0.025 2.0 0.2 3.333 0.2 
83 2" INSULATION 0.167 0.025 2.0 0.2 6.667 0.3 
84 3" INSULATION 0.25 0.025 2.0 0.2 10.000 0.5 
85 1" INSULATION 0.0833 0.025 5.7 0.2 3.333 0.5 
86 2" INSULATION 0.167 0.025 5.7 0.2 6.667 1.0 
87 1" WOOD 0.0833 0.07 37.0 0.6 10.000 3.1 
88 2.5" WOOD 0.2083 0.07 37.0 0.6 2.976 7.7 
89 4" WOOD 0.333 0.07 37.0 0.6 4.757 12.3 
810 2" WOOD 0.167 0.07 37.0 0.6 2.386 6.2 
811 3" WOOD 0.25 0.07 37.0 0.6 3.571 9.3 
812 3" INSULATION 0.25 0.025 5.7 0.2 10.000 1.4 
813 4" INSULATION 0.333 0.025 5.7 0.2 13.333 1.9 
814 5" INSULATION 0.417 0.025 5.7 0.2 16.667 2.4 
815 6" INSULATION 0.500 0.025 5.7 0.2 20.000 2.9 
816 0.15" INSULATION 0.0126 0.025 5.7 0.2 0.500 0.1 
817 0.3" INSULATION 0.0252 0.025 5.7 0.2 1.000 0.1 
818 0.45" INSULATION 0.0379 0.025 5.7 0.2 1.500 0.2 
819 0.61" INSULATION 0.0505 0.025 5.7 0.2 2.000 0.3 
820 0.76" INSULATION 0.0631 0.025 5.7 0.2 2.500 0.4 
821 1.36" INSULATION 0.1136 0.025 5.7 0.2 4.500 0.6 
822 1.67" INSULATION 0.1388 0.025 5.7 0.2 5.500 0.8 
823 2.42" INSULATION 0.2019 0.025 5.7 0.2 8.000 1.2 
824 2.73" INSULATION 0.2272 0.025 5.7 0.2 9.000 1.3 
825 3.33" INSULATION 0.2777 0.025 5.7 0.2 11.000 1.6 
826 3.64" INSULATION 0.3029 0.025 5.7 0.2 12.000 1.7 
827 4.54" INSULATION 0.3786 0.025 5.7 0.2 15.000 2.2 
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TABLE VII (Continued) 
CODE DESCRIPTION THICKNESS AND THERMAL PROPERTIES 
NUMBER L K D SH R MASS 
C1 4" CLAY TILE 0.333 0.33 70.0 0.2 1.009 23.3 
C2 4" LW CONCRETE BLOCK 0.333 0.22 38.0 0.2 1.514 12.7 
C3 4" HW CONCRETE BLOCK 0.333 0.47 61.0 0.2 0.709 20.3 
C4 4" COMMON BRICK 0.333 0.42 120.0 0.2 0.793 40.0 
C5 4" HW CONCRETE 0.333 1.0 140.0 0.2 0.333 46.7 
C6 8" CLAY TILE 0.667 0.33 70.0 0.2 2.000 46.7 
C7 8" LW CONCRETE BLOCK 0.667 0.33 38.0 0.2 2.000 25.3 
C8 8" HW CONCRETE BLOCK 0.667 0.6 61.0 0.2 1.111 40.7 
C9 8" COMMON BRICK 0.667 0.42 120.0 0.2 1. 588 80.0 
C10 8" HW CONCRETE 0.667 1.0 140.0 0.2 0.667 93.4 
Cll 12" HW CONCRETE 1.0 1.0 140.0 0.2 1.000 140.0 
C12 2" HW CONCRETE 0.167 1.0 140.0 0.2 0.167 23.3 
C13 6" HW CONCRETE 0.5 1.0 140.0 0.2 0.500 70.0 
C14 4" LW CONCRETE 0.333 0.1 40.0 0.2 3.333 13.3 
C15 6" LW CONCRETE 0.5 0.1 40.0 0.2 5.000 20.0 
C16 8" LW CONCRETE 0.667 0.1 40.0 0.2 6.667 26.7 
C17 8" LW CONC.BLK(FILLED) 0.667 0.08 18.0 0.2 8.338 12.0 
C18 8" HW CONC.BLK(FILLED) 0.667 0.34 53.0 0.2 1.962 35.4 
C19 12" LW CONC.BLK(FILLED) 1.000 0.08 19.0 0.2 12.500 19.0 
C20 12" HW CONC.BLK(FILLED) 1.000 0.39 56.0 0.2 2.564 56.0 
EO INSIDE SURF RESISTANCE 0.0 0.0 0.0 0.0 0.685 0.0 
E1 3/4" PLASTER OR GYPSUM 0.0625 0.42 100.0 0.2 0.149 6.3 
E2 1/2" SLAG OR STONE 0.0417 0.83 55.0 0.40 0.050 2.3 
E3 3/8" FELT & MEMBRANE 0.0313 0.11 70.0 0.40 0.285 2.2 
E4 CEILING AIR SPACE 0.0 0.0 0.0 0.0 1.000 0.0 
E5 ACOUSTIC TILE 0.0625 0.035 30.0 0.2 1. 786 1.9 
DEFINITIONS : L - THICKNESS; K - THERMAL CONDUCTIVITY; D - DENSITY; 
SH - SPECIFIC HEAT; R - THERMAL RESISTANCE 
UNITS : L = ft; K = BTU/hr-ft-F; D = lb/ft3 ; SH = BTU/lb-F; 
R = hr-ft2-F/BTU; MASS = lb/ft2 
ating layers used in this study were B2 through B6 and B12 
through B27. 
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In addition to knowing the mass and insulation place-
ment for a given wall, one also needs .to determine the 
R-value (overall thermal resistance) which includes the in-
side and outside film resistances, EO and AO. The R-value 
for a given wall is calculated by summing all of the indi-
vidual thermal resistances of the wall components. Also, 
the principal wall material must be identified, as well as 
the inner and/or outer layer materials that the principal 
wall material is combined with. The principal wall materials 
were considered to be the massive materials previously men-
tioned, as well as the wood layers B7, B9, and BlO. The last 
material considered was included to allow for lightweight 
framed walls or partitions. This is listed as material 1 in 
Tables II, III, and IV, and includes stucco, metal siding, 
finish, and gypsum which are represented by Al, A3, A6, and 
El respectively. The inner and/or outer layer materials were 
divided into three groups based on mass. The first group 
contains stucco and/or gypsum (Al and/or El), the second 
group contains metal siding or finish (A3 or A6), and the 
final group contains face brick (A2 or A7). 
Many of the parameter combinations in these tables are 
impractical and are designated with an asterisk. The aster-
isks signify combinations of materials or mass placements 
which are not possible and R-value ranges which would be 
considered impractical by normal construction standards. For 
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example, principal wall materials 1, 3, 4, and 5, which in-
clude stucco, metal siding, finish, gypsum, and all wood 
layers, are all non-massive materials. When these materials 
are combined with face brick, only the mass in or mass out 
cases are possible, except for a small range of cases when 
no insulation is present. This accounts for the columns in 
the tables with only two or three entries. Many wall mater-
ials do not have entries in the smaller magnitude R-Value 
ranges. For instance, principal wall material 24, which is 
12 in. lightweight concrete block (filled with insulation), 
has an R-value of 13.5 hr-ft2 -F/Btu and when combined with 
film resistances and other layers it could not possibly fit 
into R-Value ranges 1 through 12. 
One final note should be made about the inner and/or 
outer layer materials. It is common for materials such as 
stucco or gypsum (Al or El) to be present in walls also con-
taining metal siding or finish (A3 or A6). The same can also 
be said for face brick (A2 or A7). When more than one type 
of inner and/or outer layer material is present, the most 
massive inner or outer layer material should be chosen to 
represent that particular case. Face brick, A2 or A7, is the 
most massive of these materials, with stucco and gypsum, Al 
and El, being next, and finally, metal siding and finish, A3 
and A6, are the most lightweight materials. 
Following are some examples of how to apply Tables II, 
III, and IV. Refer to Table VII for code letter descrip-
tions. 
Example 1: Frame Wall 
Code Description: AO, A1, B6, AG, EO 
R-Value = 8.06 (hr-ft2-F/Btu) 
R-Value Range = 10 (Table V) 
Principal Wall Material = 1 (A1, Table VI) 
Integral Mass (no massive layers present) 
Combined With A6 
From Table III: Wall Type 1 
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Example 2: 12 in. heavyweight concrete wall with 2 in. 
insulation on the outside 
Code Description: AO, A3, BG, C11, E1, EO 
R-Value = 8.83 (hr-ft2-F/Btu) 
R-Value Range = 10 (Table V) 
Principal Wall Material = 16 (C11, Table VI) 
Mass In (insulation on outer side of concrete) 
Combined With E1 
From Table II: Wall Type 20 
Example 3: 
Code Description: AO, A7, B1, B12, C19, E1, EO 
R-Value = 25.03 (hr-ft2-F/Btu) 
R-Value Range = 17 (Table V) 
Principal Wall Material = 24 (C19, Table VI) 
Integral Mass (insulation is between massive layers) 
Combined With A7 
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From Table III: Wall Type 32 
In each of the above examples, transfer function coef-
ficients from appendix C, corresponding to each wall type 
are then selected to carry out heat gain calculations. 
Roof Classifications 
Table VIII shows the results for all roofs considered 
in this study. As with the walls, principal materials are 
defined along with R-Value ranges and mass placement. The 
principal roof materials and R-Value ranges are defined in 
Tables IX and X. The fourth parameter used to define the 
roof types was the possibility of a suspended ceiling. A 
suspended ceiling is defined as an air space and acoustic 
tile or similar material with or without insulation located 
below the roof ass~mbly. 
The same general rules apply to Table VIII for the 
roofs as applied to the wall tables. The principal roof mat-
erials are defined as follows. Materials 1, 2, 3, and 10 are 
non-massive wood and metal layers and material 11 is used to 
define an attic type roof assembly, also considered to be 
non-massive. Materials 4 through 9 are composed of various 
thicknesses and types of concrete and are considered to be 
massive. Finally, materials 12 through 20 are various comb-
inations of roof terrace systems and are also considered to 
be massive layers. The two concrete layers used to form roof 











































PRINCI~AL ROOF MATERIAL 
R ------------------------------------------------------------1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
------------------------------------------------------------
1 * * * 6 2 7 * * * * * * * * * * * * * * 
2 * * * 7 2 12 4 5 9 * * * * * * * * * * * 
3 * * * 7 4 13 5 10 19 * * * * * * * * * * * 
4 * * * 10 4 13 9 18 20 * * * * * * * * * * * 
5 * * * 10 5 20 9 18 27 * * * * * * * * * * * 

























5 * * * * 
8 18 4 10 * 
13 24 10 18 20 
13 25 11 21 28 
14 25 18 21 29 



































































1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
-------------------------------------------------------------
1 1 4 * 3 2 5 2 * * 1 1 4 6 11 5 10 20 10 18 21 
2 2 5 19 * * * 2 4 9 1 2 5 11 20 10 20 27 18 27 29 
3 2 9 21 * * * * * * 1 2 9 12 20 10 20 28 20 27 30 
4 4 10 27 * * * * * * 2 2 9 18 21 17 26 28 20 28 36 
5 4 18 27 * * * * * * 2 4 9 18 27 17 26 35 26 35 36 
6 * * 28 * * * * * * * * * * * * * * * * * 
1 * * * 6 3 11 * * * 1 * 6 10 13 10 13 21 12 21 * 
2 4 9 20 * * 11 4 9 * 1 4 13 21 23 20 23 32 28 31 39 
3 5 20 28 * * * * * 18 2 4 22 23 24 22 32 34 30 39 41 
4 9 21 30 * * * * * * 2 5 22 24 33 28 32 40 31 40 41 
5 10 22 37 * * * * * * 4 9 22 31 33 29 33 * 37 40 42 
6 10 28 38 * * * * * * * 9 * * * * * * * * 42 
------------------------------------------------------------1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
------------------------------------------------------------
1 * * * 6 2 7 * * * * * 5 7 12 5 10 20 10 20 21 
2 * * * 7 3 12 4 5 9 * * 5 12 13 10 13 22 13 22 29 
3 * * * 7 4 13 5 10 18 * * 7 12 21 11 21 22 20 22 30 
4 * * * 10 5 13 9 10 20 * * 9 12 21 11 21 22 29 28 31 
5 * * * 11 5 20 9 18 27 * * 9 20 21 18 21 28 21 28 36 

























3 * * 3 12 4 
4 13 5 
5 13 9 
* 20 9 
* * 17 
















5 * * 5 12 13 
7 12 21 
9 18 21 
9 20 21 
* * * 
* * * 
10 20 22 
12 21 22 
18 21 28 
18 21 28 
* * * 
* * * 13 22 29 
20 22 30 
20 28 31 
21 28 36 
* * 37 
SC SUSPENDED CEILING. 
* - DENOTES A ROOF WHICH IS NOT POSSIBLE WITH CHOSEN COMBINATIONS OF 
PARAMETERS. 
RTS - ROOF TERRACE SYSTEM : FIRST MATERIAL IS OUTER LAYER, SECOND 
MATERIAL IS INNER LAYER. 
NOTE: MASSIVE MATERIALS ARE #'S 4,5,6,7,8,9,12,13,14,15,16,17,18,19, 
AND 20. NON-MASSIVE MATERIALS ARE #'S 1,2,3,10, AND 11. 
TABLE IX 
ROOF R-VALUE RANGE DEFINITIONS 



























































4" HW CONC 
2" HW CONC 
6" HW CONC 
4" LW CONC 
6" LW CONC 
8" LW CONC 
STEEL DECK 
B7 & E4 ATTIC CEILING COMBINATION 
C12 - C12 2" HW CONC - 2" HW CONC {RTS) 
C12 - C5 2" HW CONC - 4" HW CONC (RTS) 
C12 - C13 2" HW CONC - 6" HW CONC {RTS) 
C5 - C12 4" HW CONC - 2" HW CONC {RTS) 
C5 - C5 4" HW CONC - 4" HW CONC (RTS) 
C5 - C13 4" HW CONC - 6" HW CONC {RTS) 
C13 - C12 6" HW CONC - 2" HW CONC {RTS) 
C13 - C5 6" HW CONC - 4" HW CONC (RTS) 
C13 - C13 6" HW CONC - 6" HW CONC (RTS) 
RTS - ROOF TERRACE SYSTEM : FIRST MATERIAL IS OUTER 
LAYER, SECOND MATERIAL IS INNER LAYER.' 
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order of outer layer - inner layer. For instance, roof mat-
erial 17 is listed as CS-C13, so layer CS is outside of 
layer C13. As was the case with the walls, Table VII should 
be referred to for thermophysical properties and descrip-
tions of material codes used. 
Again, the asterisk is used to denote parameter combin-
ations that are either improbable or impossible. For 
example, Table VIII shows no roof terrace system combina-
tions for the mass in case. This is because this combination 
always has a massive concrete layer as the major outer sur-
face. Thus, a roof terrace system can only have the mass out 
or integral mass cases. All non-massive roofs are of the in-
tegral mass type and roofs with only one massive layer may 
be the integral mass type only when no insulation is pres-
ent. If a roof with only one massive layer contains 
insulation, only the mass in or mass out cases are possible. 
The following examples illustrate the proper use of 
Table VIII. Refer to Table VII for properties applying to 
the code letter descriptions. 
Example 4: Steel sheet with 2 in. insulation 
Code Description: AO, E2, E3, BG, A3, AO 
R-Value = 8.00 (hr-ft2 -F/Btu) 
R-Value Range = 2 (Table IX) 
Principal Roof Material = 10 (A3, Table X) 
Integral Mass (no massive layers present) 
Without Suspended Ceiling 
From Table VIII: Roof Type 1 
Example 5: 6 in. lightweight concrete with 3 in. 
insulation 
Code Description: AO, E2, E3, C15, AO 
R-Value = 16.33 (hr-ft2 -F/Btu) 
R-Value Range = 4 (Table IX) 
Principal Roof Material = 8 (C15, Table X) 
Mass In (massive layer is inside insulation layer) 
Without Suspended Ceiling 
From Table VIII: Roof Type 10 
Example 6: Roof terrace system with suspended ceiling 
Code Description: AO, C12, B1, B6, E2, E3, C5, E4, 
E5, AO 
R-Value = 12.19 (hr~ft2 -F/Btu) 
R-Value Range = 3 (Table IX) 
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Principal Roof Material = 13 (C12-C5, Table X) 
Integral Mass (insulation is between massive layers) 
With Suspended Ceiling 
From Table VIII: Roof Type 23 
Again, the transfer function coefficients are selected 
from appendix C for each roof type to make heat gain calcu-
lations. 
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Heat Flux Verification 
The heat fluxes determined from the actual conduction 
transfer function coefficients for two different walls, com-
pared to the heat fluxes determined using the transfer 
function coefficients for the proper wall types, are shown 
in Figures 3 and 4. Both walls, A and B, are constructed of 
4 in. lightweight concrete with 2 in. of insulation; howev-
er, the order of the mass and insulation layers are reversed 
such that wall A represents the mass in case and wall B rep-
resents the mass out case. The heat flux plots, represented 
by A and B in the figures, were determined using the actual 
conduction transfer function coefficients for those sur-
faces. 
Wall A is represented by wall type 4, as shown in Table 
II, and wall B is represented by wall type 5, as shown in 
Table IV. The conduction transfer function coefficients 
corresponding to wall types 4 and 5 are listed in appendix 
C. As previously mentioned, the bn and Cn coefficients for 
these wall types were modified using the ratio of the actual 
overall conductances of walls A and B divided by the overall 
conductances corresponding to each wall type. For example, 
the overall conductance of wall A is 0.0879 Btu/hr-ft2-F and 
the overall conductance for wall type 4 is 0.0469 Btu/hr-
ft2-F. The ratio of these two values is 1.874, so all bn 
and Cn coefficients for wall type 4 were multiplied by 1.874 
to develop the correct conduction transfer function coeffi-


















A & B WALL DESCRIPTIONS 
A: EO,E1,C14,86,A 1,AO 
4" LW CONC. WI 2' INS. 
(MASS IN) 
B: EO,E1,86,C14,A l,AO 








Figure 3. Heat Flux Comparison Between Actual Walls and 
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Figure 4. Heat Flux Comparison Between Actual Walls and 
Walls Chosen From Tables II and IV (South 
Orientation) 
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with the overall conductance ratios for each case, the heat 
flux plots represented by Type 4 and Type 5 in Figures 3 and 
4 were made for the surfaces facing west and south respect-
ively. The location used for solar calculations was 
Stillwater, Oklahoma, with a maximum outdoor air temperature 
of 96 F and a daily outdoor temperature range of 24 F. The 
design indoor air temperature was set equal to 75 F. In both 
figures, the heat fluxes calculated with the transfer func-
tion coefficients for the wall types were greater than the 
heat fluxes obtained with the actual transfer function coef-
ficients. This is true regardless of the wall orientation, 
west or south. Also, the peak heat fluxes are within the 
plus twenty percent criterion and the plus or minus one hour 
time delay used to form the wall types. Although this test 
is not comprehensive, it is a clear indication that the 
grouping technique is valid. 
Wall and Roof Classification Algorithm 
After the wall and roof classification was developed, 
an algorithm was written to implement this procedure in an 
existing cooling and heating load calculation program. The 
classification method is simple to apply, but whenever data 
is abstracted from large tables, there is a possibility for 
error. Also, the probability of acceptance of new methodol-
ogies often depends on how easily they are adapted to 
computer applications. The computer algorithm consists of 
three subprograms and four data files. A listing of the sub-
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programs is given in appendix B. 
The three subprograms that implement the classification 
algorithm are named IWALLP, IROOFF, and TRANSF. When called, 
IWALLP prompts the user to enter the wall or partition over-
all conductance, principal material, inner or outer layer 
material, and mass placement. The last three inputs provide 
a list from which the user can choose the appropriate sel-
ection. After entering these inputs, the user is given an 
opportunity to change any inputs entered incorrectly. Final-
ly, the input values are used to determine the wall type 
number by reading the data file 'WALLTYPE.DAT'. This is a 
direct access, binary file containing the data presented in 
Tables II, III, and IV. If the input data results in a sur-
face which is not possible (* in Tables II, III, and IV), 
the user is allowed to reenter the data. Also, if the over-
all conductance is smaller than the minimum value allowed 
for in the wall classification method, the wall type number 
for the minimum value is chosen and an appropriate warning 
is issued. The user is warned that the input value of over-
all conductance is smaller than allowable for accurate 
calculation, and that the best approximation will be made. 
The subprogram IROOFF, used to determine the roof type 
number, is similar to IWALLP. The user enters the overall 
conductance, principal roof material, ceiling description, 
and mass placement. This input data is used to determine the 
roof type number by reading the data file 'ROOFTYPE.DAT'. 
This is a direct access, binary file containing the data in 
Table VIII. This subprogram contains all of the features 
listed above for IWALLP. Sample output data for IWALLP and 
IROOFF is given in appendix B. 
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After obtaining the wall or roof type number, the sub-
program TRANSF is used to retrieve the conduction transfer 
coefficients when the user is ready to carry out heat gain 
calculations. A list of wall and roof descriptions is pro-
vided from which the desired wall or roof is selected. The 
wall type or roof type number of that surface is used to 
identify the corresponding set of conduction transfer func-
tion coefficients which are then retrieved from data file 
'WALLTFS.DAT' or 'ROOFTFS.DAT'. These are direct access, bi-
nary files containing the conduction transfer function 
coefficients listed in appendix C. 
All three subprograms discussed above, were implemented 
in an existing cooling and heating load calculation program 
named LDCAL5. LDCAL5 was developed at Oklahoma State Univer-
sity by Dr. Faye C. McQuiston. It is hoped that this 
enhanced version of LDCAL5 will provide results for a much 
larger range of wall and roof data than was previously 
possible. The previous version of LDCAL5 contained the 
transfer function coefficients for approximately thirty to 
forty walls and roofs. These transfer function coefficients 
had to be generated for each new surface encountered and 
added to data files before accurate cooling and heating load 
calculations could be made. 
Comparisons Between the Classification Method 
and Existing Methods 
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To evaluate the accuracy of the classification method 
developed in this study, its results for several different 
surfaces were compared to those obtained with the TF method 
(1 & 2) using the actual conduction transfer function coef-
ficients, and the CLTD method (3). Cooling loads were 
determined for several different walls and roofs using each 
of the three methods. Equivalent cooling load temperature 
differences, CLTDs, were obtained by dividing the cooling 
loads by the product of the overall conductance and area for 
each surface. Comparisons were made for several different 
surfaces, including: 
(1) Surfaces which exactly match those defined in the 
CLTD method 
(2) Surfaces with constructions matching those defined 
in the CLTD method, but with R-Values which are at 
least 7 hr-ft2 -F/Btu greater than the maximum val-
ues listed 
(3) Surfaces which do not match any of those listed in 
the CLTD method. 
The climatic conditions used to determine the cooling loads 
and CLTDs were the following: 
July 21 
Latitude = 40 °N 
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Longitude = 90 °W 
Indoor Air Temperature = 78 F 
Maximum Outdoor Air Temperature = 95 F 
Daily Range of Outdoor Air Temperature = 21 F 
These conditions were chosen to duplicate the standard 
conditions for the CLTD method (3). The set of thermal re-
sponse factors used to conv~rt the heat gains, obtained with 
the TF method and the wall and roof classification method, 
into cooling loads, were chosen to match the set of thermal 
response factors used in the original development of the 
CLTD method by Rudoy and Duran (25). This will be discussed 
in more detail later. 
CLTD Comparisons for Walls 
Tables XI and XII show a summary of results for walls 
which match the construction of those given in the CLTD 
method (3). Table XI is for west facing surfaces and Table 
XII is for surfaces facing south. A description of walls 1 
through 7 is given in Table XIII. Since the TF method is the 
most widely accepted method for determining heat gains and 
cooling loads through walls and roofs, it served as a basis 
for comparison with the classification method developed in 
this study and the CLTD method. When comparing the wall 
CLTDs derived using the classification method to the CLTDs 
obtained with the TF method, as shown in Tables XI and XII, 
one can see that they are in good agreement. The percent 


















MAXIMUM CLTD VALUES AND TIME OF OCCURRENCE FOR WALLS 
MATCHING THOSE GIVEN IN THE CLTD METHOD 
(WEST ORIENTATION) 
TF METHOD CLASSIFICATION METHOD CLTD METHOD 
MAX CLTD(F) TIME MAX CLTD(F) TIME MAX CLTD(F) 
76.8 18 77.9 19 72.0 
35.6 21 33.7 21 41.0 
39.2 22 44.2 22 41.0 
41.2 21 44.2 22 41.0 
26.3 1 26.8 2 27.0 
32.0 23 34.2 24 27.0 
27.5 1 28.0 1 27.0 
TABLE XII 
MAXIMUM CLTD VALUES AND TIME OF OCCURRENCE FOR WALLS 










TF METHOD CLASSIFICATION METHOD CLTD METHOD 
MAX CLTD(F) TIME MAX CLTD(F) TIME MAX CLTD(F) TIME 
49.9 14 50.9 14 47.0 14 
26.0 20 24.7 20 30.0 19 
28.7 21 31.7 20 30.0 19 
29.5 20 31.7 20 30.0 19 
20.2 24 20.5 24 21.0 23 
23.8 22 25.3 22 21.0 23 




DESCRIPTION OF WALLS USED IN TABLES XI AND XII 









Frame wall with 2 in. insulation 
(integral mass) 
Face brick and 4 in. hw concrete block 
with 2 in. insulation (mass in) 
Face brick and 4 in. hw concrete block 
with 2 in. insulation (integral mass) 
Face brick and 4 in. hw concrete block 
with 2 in. insulation (mass out) 
12 in. hw concrete with 2 in. 
insulation (mass in) 
12 in. hw concrete with 2 in. 
insulation (integral mass) 
12 in. hw concrete with 2 in. 
insulation (mass out) 
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and the times of the peak CLTDs are within one hour. For the 
CLTD method, the percent differences range from -15.6 to 
+15.4, while the times of the peak CLTDs are off by as much 
as two hours when compared to the TF method. Although the 
CLTD method is less conservative, in this case, than the 
classification method, its results are acceptable. This was 
expected, since the walls studied in Tables XI and XII were 
chosen to exactly match those described in the CLTD method. 
Tables XIV and XV show a summary of results for walls 
whose constructions match those listed in the CLTD method, 
but whose R-Values are at least 7 hr-ft2 -F/Btu greater than 
the maximum values listed. A description of walls 1 through 
6 in Tables XIV and XV is given in Table XVI. These walls 
are identical to those studied in Tables XI and XII, with 
the exception of their insulation. These walls have 5 in. of 
insulation compared to the 2 in. of insulation contained in 
the walls of Tables XI and XII. The percent differences be-
tween the CLTDs derived from the classification method as 
compared to the TF method range from -5.9 to +11.4, while 
the times of the peak CLTDs are within one hour. These are 
similar to the values obtained from Tables XI and XII. For 
the CLTD method, the percent differences range from -17.5 to 
-1.1, while the times of the peak CLTDs were off by two 
hours. 
This comparative study shows that the classification 
method handles the adjustment of R-Values without decreasing 





MAXIMUM CLTD VALUES AND TIME OF OCCURRENCE FOR WALLS 
MATCHING THE CONSTRUCTION, BUT NOT THE R-VALUES 
OF THOSE LISTED IN THE CLTD METHOD 
(WEST ORIENTATION) 
TF METHOD CLASSIFICATION METHOD CLTD METHOD 







72.7 19 71.1 19 60.0 
33.9 23 31.9 24 30.0 
37.0 24 41.2 23 35.0 
39.0 23 41.2 23 35.0 
25.7 2 26.0 2 22.0 
26.8 2 28.0 2 22.0 
These cases were represented by one constant CLTD value for all 
hours of the day. 
TABLE XV 
MAXIMUM CLTD VALUES AND TIME OF OCCURRENCE FOR WALLS 
MATCHING THE CONSTRUCTION, BUT NOT THE R-VALUES 
OF THOSE LISTED IN THE CLTD METHOD 
(SOUTH ORIENTATION) 














47.9 16 47.1 16 40.0 
25.0 21 23.7 22 23.0 
27.3 22 29.7 21 27.0 
28.3 21 29.7 21 27.0 
19.8 24 20.0 24 18.0 
20.5 24 21.4 24 18.0 
These cases were represented by one constant CLTD value for all 










DESCRIPTION OF WALLS USED IN TABLES XIV AND XV 








Frame wall with 5 in. insulation 
(integral mass) 
Face brick and 4 in. hw concrete block 
with 5 in. insulation (mass in) 
Face brick and 4 in. hw concrete block 
with 5 in. insulation (integral mass) 
Face brick and 4 in. hw concrete block 
with 5 in. insulation (mass out) 
12 in. hw concrete with 5 in. 
insulation (mass in) 
12 in. hw concrete with 5 in. 
insulation (mass out) 
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marked decrease in accuracy with an increase in insulation. 
As previously noted, the CLTD method provides CLTDs for 
seven wall types. These wall types are designated by the 
letters A through G. Wall A is defined as being the heaviest 
wall, thermally, and Wall G is defined as the lightest. If a 
wall is thermally heavier than wall A, it is assigned a CLTD 
value which remains constant. This is illustrated by walls 
2, 5, and 6 in Tables XIV and XV. When the R-Value of a wall 
is at least 7 hr-ft2-F/Btu greater than the equivalent 
wall listed in the CLTD method, the wall one letter higher 
is chosen to represent it. This was the case for all of the 
walls listed in Tables XIV and XV. The results from these 
tables show that not only is the CLTD method inacurrate, but 
it is also non-conservative. In each case above, the values 
predicted by the CLTD method are less than the values pre-
dicted by the TF method. 
Tables XVII and XVIII summarize results for walls which 
do not match the construction of those given in the CLTD 
method. Table XVII is for west facing walls and Table XVIII 
is for walls facing south. A description of the construction 
of these walls is given in Table XIX. To determine which of 
the wall types, A through G in the CLTD method, these sur-
faces matched best, the sum of mass times specific heat 
(heat capacitance), the mass, and the overall conductance 
had to be determined for each wall. The walls in the CLTD 
method having similar heat capacitance and mass were chosen 
to represent each wall. The R-Values for all of the walls 
WALL 
TABLE XVII 
MAXIMUM CLTD VALUES AND TIME OF OCCURRENCE FOR WALLS 
NOT MATCHING THE CONSTRUCTION OF THOSE 
GIVEN IN THE CLTD METHOD 
(WEST ORIENTATION) 
TF METHOD CLASSIFICATION METHOD CLTD METHOD 






35.2 23 36.9 23 30.0 
37.6 23 36.9 23 35.0 
33.3 24 34.2 24 49.0 
24.7 5 25 .• 2 5 22.0 
23.0 4 24.3 4 22.0 
These cases were represented by one constant CLTD value for all 
hours of the day. 
TABLE XVIII 
MAXIMUM CLTD VALUES AND TIME OF OCCURRENCE FOR WALLS 
NOT MATCHING THE CONSTRUCTION OF THOSE 
GIVEN IN THE CLTD METHOD 
(SOUTH ORIENTATION) 













25.8 21 27.2 22 23.0 
27.3 21 27.2 22 27.0 
24.7 22 25.2 22 35.0 
19.0 3 19.4 3 18.0 
17.8 3 18.7 3 18.0 
These cases were represented by one constant CLTD value for all 









DESCRIPTION OF WALLS USED IN TABLES XVII AND XVIII 







8 in. hw concrete block (filled) 
with 4 in. insualtion (mass in) 
8 in. hw concrete block (filled) 
with 4 in. insulation (mass out) 
4 in. wood with 2 in. insulation 
(integral mass) 
12 in. hw concrete and face brick 
with 2 in. insulation (integral mass) 
12 in. hw concrete and face brick 
with 2 in. insulation (mass in) 
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designated by the CLTD method were at least 7 hr-ft2-F/Btu 
smaller than the R-Values determined for the actual walls. 
This meant that the next higher letter representing the CLTD 
method wall was chosen for walls 1, 2, and 3 in Tables XVII 
and XVIII. Since the mass and heat capacitance for walls 4 
and 5 were larger than any of those listed in the CLTD meth-
od, a specified constant CLTD value was designated. This 
constant CLTD value is supposed to be representative of any 
wall which is thermally heavier than the type A wall defined 
by the CLTD method. 
When comparing the CLTDs derived using the TF method to 
the CLTDs obtained with the classification method, as shown 
in Tables XVII and XVIII, one can see that they are nearly 
equal. The percent differences between these CLTDs range 
from -1.9 to +5.7, and the times of the peak CLTDs are all 
within one hour. For the CLTD method, the percent differ-
ences range from -14.8 to +47.1, while the times of the peak 
CLTDs are off by as much as five hours. Once again, the CLTD 
method produced results which were not as accurate as the 
classification method. 
CLTD Comparisons for Roofs 
Table XX presents a summary of results for roofs which 
could be represented by the roof types listed in the CLTD 
method without corrections due to a large R-Value. Roofs 1, 
2, and 3, described in Table XXI, exactly match roof con-
structions listed in the CLTD method. The heat capacitance 
ROOF 
TABLE XX 
MAXIMUM CLTD VALUES AND TIME OF OCCURRENCE FOR 
ROOFS LISTED IN THE CLTD METHOD 
TF METHOD CLASSIFICATION METHOD CLTD METHOD 







81.4 15 84.3 15 75.0 
45.1 22 49.4 21 55.0 
44.3 23 50.9 22 55.0 
44.3 21 46.8 21 29.0 
42.8 21 47.5 20 29.0 
These cases were represented by one constant CLTD value for all 
hours of the day. 
TABLE XXI 
DESCRIPTION OF ROOFS USED IN TABLE XX 









1 in. wood with 1 in. insulation 
(integral mass) 
8 in. lw concrete with 2 in. 
insulation (mass in) 
8 in. lw concrete with 2 in. 
insulation (mass out) 
6 in. hw concrete - 2 in. hw concrete 
roof terrace system with 2 in. 
insulation (integral mass) 
6 in. hw concrete - 2 in. hw concrete 
roof terrace system with 2 in. 








and mass of roofs 4 and 5 were calculated and used to deter-
mine which roof type best matched them. It was discovered 
that, with the CLTD method, they were thermally heavier than 
any roof type listed, so a constant CLTD value was assigned 
to them. 
When comparing the roof CLTDs obtained from the CLTD 
method to the values derived using the TF method with actual 
conduction transfer function coefficients, it can be seen 
that they do not agree well. The percent differences between 
the values range from -34.5 to 24.2, and the times of the 
peak CLTDs are off by as much as three hours. For the class-
ification method, the percent differences range from +3.6 to 
+14.9, while the times of the peak CLTDs are all within one 
hour. The largest differences between the CLTDs for the CLTD 
method and the TF method occurred for roofs 4 and 5. This 
was expected, since there was not a roof exactly matching 
the constructions of these two surfaces. 
Finally, Table XXII summarizes the results for roofs 
which are similarly constructed to those in Table XX, but 
with much larger R-Values. The R-Values for these roofs are 
greater than 7 hr-ft2-F/Btu larger than the R-Values listed 
for their equivalent constructions, as determined by the 
CLTD method. To handle this problem, the CLTD method re-
quires the selection of CLTDs for roofs with similar mass 
and heat capacitance, but with the times of the peak CLTDs 
occurring two hours later. This correction is easier stated 








MAXIMUM CLTD VALUES AND TIME OF OCCURRENCE FOR ROOFS WITH 
R-VALUES GREATER THAN ALLOWABLE FOR CONSTRUCTIONS 
LISTED IN THE CLTD METHOD 
TF METHOD CLASSIFICATION METHOD CLTD METHOD 
MAX CLTD(F) TIME MAX CLTD(F) TIME MAX CLTD(F) TIME 
76.1 17 75.9 18 65.0 18 
41.1 23 42.1 23 38.0 23 
40.1 24 42.1 23 38.0 23 
42.6 22 43.6 21 29.0 --* 
41.3 22 43.5 21 29.0 --* 
* • These cases were represented by one constant CLTD value for all 



















1 in. wood with 5 in. insulation 
(integral mass) 
8 in. lw concrete with 5 in. 
insulation (mass in) 
8 in. lw concrete with 5 in. 
insulation (mass out) 
6 in. hw concrete - 2 in. hw concrete 
roof terrace system with 5 in. 
insulation (integral mass) 
6 in. hw concrete - 2 in. hw concrete 
roof terrace system with 5 in. 
insulation (mass out) 
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specifications were chosen. 
When comparing the roof CLTDs in Table XXII from the 
CLTD method to those obtained with the TF method, the per-
cent differences range from -31.9 to -7.5, while the times 
of the peak CLTDs are within one hour.Although the times of 
the peak CLTDs improved, as compared to Table XX, the CLTD 
values which were conservative in Table XX became non-con-
servative when the R-Values were increased. This leads one 
to believe that the CLTD method may overcorrect the CLTDs 
obtained for roofs with large R-Values. These results are 
similar to the results obtained for walls with large R-val-
ues. 
When comparing the roof CLTDs in Table XXII determined 
with the classification method to the values obtained with 
the TF method, one can see excellent agreement. The percent 
differences between the two methods range from 0.0 to +5.3, 
while the times of the peak CLTDs are, once again, within 
one hour. 
For all of the walls and roofs examined, the maximum 
difference between the classification method and the TF 
method was + 14.9 percent. This is well within the plus 
twenty percent error criterion used to develop the method. 
The only cases which produced non-conservative results were 
within -5.9 percent. Although this is below the minus zero 
percent criterion used to classify surfaces, it is close 
enough to be tolerable. 
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The Effects of Thermal Response Factors 
All of the cooling load and CLTD values determined up 
to this point, have been calculated with one specific set of 
thermal response factors. It should be remembered that ther-
mal response factors are used to convert heat gains to 
cooling loads. Different sets of thermal response factors 
exist for different types of heat gains. These include the 
following: 
(1) Conduction through opaque surfaces 
(2) Radiation through glass 
(3) Lighting 
(4) Occupants and equipment. 
Since this thesis deals with conduction through walls and 
roofs, the primary concern is with 1 above. 
In the paper by Sowell (21), discussed earlier, five 
different sets of thermal response factors were identified 
for conduction through walls and roofs. These factors depend 
on room geometry, the presence of carpets or drapes, type of 
wall and floor, the percentage of wall glass, and finally, 
whether or not a suspended ceiling is present. 
In the development of the CLTD method, Rudoy and Duran 
(25), who originally derived the method, used only one set 
of thermal response factors to convert heat gains to cooling 
loads. The conditions noted above from Sowell (21) were not 
known to be important at that time. When Rudoy and Duran 
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(25) developed the CLTD method, thermal response factors for 
conduction existed only for rooms with low, medium, and high 
mass. They concluded that the differences between the CLTDs 
obtained from these three sets of factors were small when 
applied to the same surface. Thus, all of the CLTDs were 
determined for the medium mass case. 
To provide the best comparison between the classifica-
tion method developed in this study and the CLTD and TF 
methods, all of the CLTDs shown· in the tables up to this 
point were determined with the set of thermal response fact-
ors best matching the medium mass case discussed by Rudoy 
and Duran (25). In Sowell's method (21), the five sets of 
thermal response factors were identified by the conduction 
zone classifications A, B, C, D, and E. The A conduction 
zone classification best matches the characteristics of the 
medium mass case used by Rudoy and Duran (25), and is the 
most common conduction zone classification presented by 
Sowell (21). Table XXIV summarizes the results obtained when 
the five possible conduction zone classifications were ex-
amined. The wall used for comparison in Table XXIV is shown 
as wall 4 in Table XIII. This wall was chosen since it prov-
ided excellent agreement between the classification, CLTD, 
and TF methods, when CLTDs were determined. The climatic 
conditions used to determine the CLTDs in Table XXIV are 
identical to those used for the previous CLTD tables. 
When comparing the results of the classification method 
to the TF method, one observes excellent agreement. The per-
TABLE XXIV 
MAXIMUM WALL CLTDS AND TIME OF OCCURRENCE FOR 
DIFFERENT CONDUCTION ZONE CLASSIFICATIONS 
(WEST ORIENTATION) 
CONDUCTION ZONE TF METHOD CLASSIFICATION CLTD METHOD 
CLASSIFICATION METHOD 
MAX CLTD(F) TIME MAX CLTD(F) TIME MAX CLTD(F) TIME 
A 41.2 21 44.2 21 41.0 21 
B 37.6 22 40.1 22 41.0 21 
c 35.8 22 37.0 22 41.0 21 
D 33.8 22 35.6 22 41.0 21 
E 43.1 22 46.2 22 41.0 21 




cent differences range from +5.3 for conduction zone 
classification D to +7.3 for conduction zone classification 
A. The times of the peak CLTDs are all within one hour. For 
the CLTD method, the percent differences range from -4.9 to 
+21.3, while the times of the peak CLTDs are within one 
hour. The CLTDs from the CLTD method remain constant since 
they do not account for differences in the conduction zone 
type. On the other hand, the classification method can make 
use of different conduction thermal response factors to 
account for different conduction zone classifications. This 
point is especially important when considering cases where 
the CLTD method produces a large error for the medium mass 
case of Rudoy and Duran (25) and the conduction zone classi-
fication is C or D. 
The next section discusses some conclusions drawn about 
the classification method developed in this thesis and makes 
some recommendations for future applications and improve-
ments. 
CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 
Conclusions 
After investigating numerous methods for determining 
the transient heat transfer characteristics of walls and 
roofs, the classification method developed in this study was 
shown to be superior. It is a significant improvement over 
the CLTD method (3). When implemented, the classification 
method can be used to predict heat gains, and thus cooling 
loads, within twenty percent of the results obtainable with 
the most sophisticated computer programs. This is less than 
half the error attributable to the CLTD method. 
Also, the classification method is easy to apply. It 
requires only that one understand how walls and roofs are 
constructed and how to determine their overall conductance. 
The CLTD method requires the above, plus one has to deter-
mine several other thermophysical properties to calculate a 
surface's mass and heat capacitance. If the construction for 
a wall or roof doesn't match the limited variety supplied in 
the CLTD method, nebulous adjustments are required. Fortu-
nately, the classification method has no special cases to 




The wall and roof classification method allows for any 
possible conduction zone classification to convert heat 
gains to cooling loads. The CLTD method was only developed 
for room zones of medium mass. Since the CLTDs obtained from 
the CLTD method are used to directly estimate the cooling 
load, different conduction zone classifications cannot be 
accounted for. 
Finally, the method developed in this thesis is the 
first of its kind in allowing one to accurately choose the 
best set of conduction transfer function coefficients to 
model a wall or roof. This means that access to the complex 
computer programs required to generate these coefficients is 
no longer required. This makes the TF method (1 & 2) much 
more accessible to engineers in the field. 
Recommendations 
One can provide several recommendations for implemen-
tation of the wall and roof classification method. These 
include developing a more sophisticated computer algorithm 
for interpreting the construction of a wall or roof, combin-
ing the results of this study with research just completed 
by Sowell (26) for converting heat gains to cooling loads, 
and finally, applying the classification method t~­
envelope surfaces_other than walls and roofs. 
,....._---.~-~-~---·---··~ ...... -·-------
A computer algorithm to interpret the construction of a 
wall or_ roo_f _would reduce the chance for errors due to in-
___ .----
correct user inputs. Such an algorithm could be developed 
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many different ways. One possibility is for the user to sim-
ply input a surfaces code layer description (see appendix 
E). This description can then be interpreted by the 
algorithm and the various parameters, required by the class-
ification, determined and used to select the correct wall or 
roof type number. 
In the research just completed by Sowell (26), expand-
ed wall and roof zone classifications were determined. 
Sowell used a grouping method like the one implemented in 
this study to determine all parameters which affected the 
conversion of all heat gains to cooling loads. The results 
of this study can be implemented in existing computer pro-
grams once the huge amount of tabulated data presented by 
Sowell is reduced to a practical size and an algorithm is 
developed to apply it. 
The final recommendation concerns applying the classi-
------
Cfication method to surfaces other than just walls and roofs. 
---···-- --·~·------·-------
The construction of floors over unco_pd_i tioned spaces is sim-
~---~- ·-- .•.. - ..... --~---------~--------
ilar to the construction of many roofs. A study should be 
made to determine whether or not the classification method 
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LISTINGS OF WALL AND ROOF GROUPING 
PROGRAMS WITH SAMPLE OUTPUT 
80 
LISTING OF WALL GROUPING PROGRAM 
c 
C THIS PROGRAM WAS USED TO READ THE FILE WALL.GPU AND 
















60 FORMAT(/,' INS-WITH-RTYPE-IWTYPE') 











C SET GROUPING PARAMETERS 
c 
DO 200 IINS=l,3 
DO 300 IWTYPE=l,3 

























































DO 500 IWALLT=1,25 
N=O 
ITYPE=ITYPE+l 
BEGIN SORTING DATA 




IF(IFLAGl.EQ.O)GO TO 600 
IF(((RVALUE(I).LE.RMAX).AND.(RVALUE(I).GT.RMIN)).AND. 
+ (IWALL(I).EQ.IWALLT))IFLAG2=1 














AA ( IWALLT) =I I 
BB(IWALLT)= 1 * 1 
















































MAX TIME LAG 











CENTROID OF AMPLITUDE 
CENTROID OF TIME LAG 
RATIO OF MIN TO MAX AMPLITUDE (A21Al) 








































TIME LAG DEPENDENT 





DATA NUMI I 11 , I 2 I , I 3 I , I 4 I , I 5 I , I 6 I , I 7 I , I 8 I I 
DATA NG/1,2,5,6,7,8,7,51 
DATA Dl I A I , I B I , I c I , I D I , IE I , IF I , I G I , I HI I 
C=l I 


























SAMPLE OUTPUT FOR WALL GROUPING COMPUTER PROGRAM 
AMPLITUDE DELAY CENTROID AMP-RATIO DEL-DIF 
N MAX MIN MAX MIN AMP DEL MIN/MAX MAX-MIN GROUP 
1-1- 5- 6 
1-1- 7- 6 
1-1- 7- 7 
1-1- 7- 8 













1-1- 8- 2 
1-1- 8- 6 
1-1- 8- 7 




1-1- 8-13 2 
1-1- 8-14 2 
1-1- 8-15 























.2266 .2266 4.68 4.68 .2266 
.2124 .2124 4.99 4.99 .2124 
.2608 .2608 4.04 4.04 .2608 
.2263 .2249 4.55 4.48 .2256 
.1506 .1497 6.16 6.11 .1502 
.1444 .1437 5.70 5.65 .1440 
.1275 .1275 7.80 7.80 .. 1275 
.2003 .2003 5.80 5.80 .2003 
.1471 .1471 6.52 6.52 .1471 
.0803 .0803 8.89 8.89 .0803 
.0740 .0736 7.99 7.94 .0738 
.0439 .0439 10.20 10.20 .0439 
.2553 .2553 3.49 3.49 .2553 
.1197 .1197 6.42 6.42 .1197 
.2867 .2867 3.46 3.46 .2867 
.1514 .1514 6.96 6.96 .1514 
.1092 .1092 8.92 8.92 .1092 
.1645 .1645 5.46 5.46 .1645 
.2060 .2048 5.16 5.09 .2052 
.2562 .2546 4.21 4.14 .2554 
.1451 .1451 6.27 6.27 .1451 























.1132 .1132 8.11 8.11 .1132 8.11 
.1841 .1841 6.14 6.14 .1841 6.14 
.1404 .1396 6.67 6.62 .1400 6.64 
.0664 .0661 9.59 9.54 .0663 9.56 
.0811 .0811 7.69 7.69 .0811 7.69 
.0413 .0411 10.31 10.26 .0412 10.30 
.1750 .1750 6.92 6.92 .1750 6.92 
.1233 .1233 9.07 9.07 .1233 9.07 
.0520 .0520 13.05 13.05 .0520 13.05 
.1298 .1298 8.20 8.20 .1298 8.20 
.1639 .1609 7.50 7.07 .1624 7.28 
.1429 .1429 7.68 7.68 .1429 7.68 
.0981 .0981 9.04 9.04 .0981 9.04 
.0996 .0996 8.26 8.26 .0996 8.26 
.0667 .0656 11.26 10.87 .0662 11.06 
.1053 .. 1053 9.66 9.66 .1053 9.66 
.0912 .0912 9.55 9.55 .0912 9.55 
.0516 .0516 10.60 10.60 .0516 10.60 
.0285 .0285 12.86 12.86 .0285 12.86 

































































































































LISTING OF ROOF GROUPING PROGRAM 
c 
C THIS PROGRAM READS THE DATA FILE ROOF.GPU AND SORT THE 










30 FORMAT(19X,'AMPLITUDE' ,6X,'DELAY' ,7X,'CENTROID' ,4X,'AMP-RATIO', 
+lX, 'DEL-DIF') 
40 FORMAT(l3X, 'N' ,4X, 'MAX' ,4X, 'MIN' ,4X, 'MAX' ,3X, 'MIN' ,4X, 'AMP' ,4X, 
+'DEL' ,4X, 'MIN/MAX' ,2X, 'MAX-MIN' ,2X, 'GROUP',/) 
50 FORMAT(1X,2(Il,'-'),I2,'-',I2,2X,I2,2X,F6.4,1X,F6.4,1X, 
+F5.2,1X,F5.2,1X,F6.4,2X,F5.2,4X,F4.2,4X,FS.2,6X,3Al) 
60 FORMAT(/,' INS-WITH-RTYPE-IWTYPE') 




DO 100 I=l,NUMBER 






C SET GROUPING PARAMETERS 
c 
DO 200 IINS=1,3 
DO 300 IWTYPE=1,2 






















DO 500 IWALLT=1,20 
N=O 
ITYPE=lTYPE+l 
C BEGIN SORTING DATA 
c 




IF(IFLAGl.EQ.O)GO TO 600 
IF(((RVALUE(I).LE.RMAX).AND.(RVALUE(I).GT.RMIN)).AND. 
+ (IWALL(I).EQ.IWALLT))IFLAG2=1 













AA ( IWALLT) =I I 
BB(IWALLT)= 1 * 1 

























































MAX TIME LAG 
MIN TIME LAG 
CENTROID OF AMPLITUDE 
CENTROID OF TIME LAG 
RATIO OF MIN TO MAX AMPLITUDE (A2/Al) 







































TIME LAG DEPENDENT 
AMPLITUDE RATIO DEPENDENT 
CONFORMITY 
DIMENSION AMAX(8) ,NG(8) 
CHARACTER*! A,B,C,D(8) ,NUM(S) 
90 
DATA AMAXI0.3329,0.3147,0.2845,0.2024,0.1677,0.1006,0.0594,0.01161 
DATA NUMII 11 , I 2 I , I 3 I , I 4 I , I 5 I , I 6 I , I 7 I , I 8 I I 
DATA NGI1,2,4,7,9,8,7,11 
DATA Dll s I , IT I , I u I , I vI , I w I , I X' , I y I , I z I I 
C=l I 





IF((Dl.GT.HMAX).OR.(D2.LT.HMIN))C= 1 *1 
B= 1 0 1 



















SAMPLE OUTPUT FOR ROOF GROUPING PROGRAM 
AMPLITUDE DELAY CENTROID AMP-RATIO DEL-DIF 
N MAX MIN MAX MIN AMP DEL MIN/MAX MAX-MIN GROUP 
1-1- 1- 5 2 .2733 .2617 3.39 2.88 .2675 3.14 .96 . 51 Tl 
1-1- 1- 6 .1606 .1606 5.59 5.59 .1606 5.59 1. 00 .00 U3 
1-1- 2- 4 2 .1628 .1616 5.49 5.38 .1622 5.44 .99 . 12 U3 
1-1- 2- 6 3 .1189 .1083 6.73 6.38 .1127 6.58 . 91 .35 V3 
1-1- 2- 7 . 2559 . 2559 . 4.26 4.26 .2559 4.26 1. 00 .00 Ul 
1-1- 2- 8 .2141 .2141 5.83 5.83 .2141 5.83 1. 00 .00 U2 
1-1- 2- 9 .1636 .1636 7.63 7.63 .1636 7.63 1. 00 .00 Vl 
1-1- 3- 4 .1544 .1544 5.99 5.99 . 1544 5.99 1. 00 .00 U3 
1-1- 3- 5 .2432 .2432 4.27 4.27 .2432 4.27 1. 00 .00 Ul 
1-1- 3- 6 .1036 .1036 7.21 7.21 .1036 7.21 1. 00 .00 V4 
1-1- 3- 7 .2210 .2210 5. 31 5. 31 .2210 5.31 1. 00 .00 U2 
1-1- 3- 8 .1491 .1491 7.31 7. 31 .1491 7.31 1. 00 .00 V2 
1-1- 3- 9 .1090 .1090 9.01 9.01 .1090 9.01 1. 00 .00 W2 
1-1- 4- 4 .1475 .1475 6.80 6.80 .1475 6.80 1. 00 .00 V2 
1-1- 4- 5 .2345 .2345 5.09 5.09 .2345 5.09 1. 00 .00 Ul 
1-1- 4- 6 .0996 .0996 7. 77 7. 77 .0996 7. 77 1. 00 .00 V4 
1-1- 4- 7 .2023 .2023 6.14 6.14 .2023 6.14 1. 00 .00 Vl 
1-1- 4- 8 .1320 .1320 8.00 8.00 .1320 8.00 1. 00 .00 W2 
1-1- 4- 9 .0880 .0880 9. 75 9.75 .0880 9. 75 1. 00 .00 W3 
1-1- 5- 4 .1420 .1420 7.39 7.39 .1420 7.39 1. 00 .00 V2 
1-1- 5- 5 .2263 .2263 5.68 5.68 .2263 5.68 1. 00 .00 U2 
1-1- 5- 61 .0947 .0947 8.60 8.60 .0947 8.60 1. 00 .00 W3 
1-1- 5- 7 .1924 .1924 6.73 6.73 .1924 6. 73 1. 00 .00 Vl 
1-1- 5- 8 .1170 .1170 8.95 8.95 . 1170 8.95 1. 00 .00 W2 
1-1- 5- 9 .0747 . 0747 10.73 10.73 .0747 10.73 1. 00 .00 X2 
1-1- 6- 8 .1095 .1095 9.59 9.59 .1095 9.59 1. 00 .00 W2 
1-1- 6- 9 .0664 .0664 11.63 11.63 .0664 11. 63 1. 00 .00 X2 
1-2- 1- 4 .1296 .1296 5. 74 5. 74 .1296 5.74 1. 00 .00 U4 
1-2- 1- 5 . 2114 .2114 4.22 4.22 .2114 4.22 1. 00 .00 U2 
1-2- 2- 4 2 .0680 .0680 6. 77 6. 77 .0680 6. 77 1. 00 .00 V5 
1-2- 2- 5 2 .1265 .1265 5.66 5.66 .1265 5.66 1. 00 .00 U4 
1-2- 2- 6 2 .0505 .0453 7.66 7.54 .0479 7.60 .90 . 11 V7 
1-2- 2- 7 .2317 .2317 5.00 5.00 .2317 5.00 1. 00 .00 Ul 
1-2- 2- 8 .1618 .1618 7.14 7.14 .1618 7.14 1. 00 .00 V2 
MASS-WITH-RTYPE-IRTYPE 
LISTING OF LAG AMPLITUDE PROGRAM 
c 





DOUBLE PRECISION B(7,300),D(7,300) ,UWRTWR(300) 
DOUBLE PRECISION BT(7),DT(7),QEWR(48),TSWR(48),CNS,DUM,ERR,TROOM 
DOUBLE PRECISION TCNS,ERROR,EPSILN,PI,HO,QOMIN,QOMAX,TLAG(300) 




CALL INPUT(FNAME1,'T','INPUT NAME OF TRANSFER FUNCTION FILE$') 
CALL INPUT(FNAME2,'T','INPUT NAME OF DATA FILE$') 





101 FORMAT ( I3) 
DO 10 N=1,I 





DO 201 JKK=1,I 








DO 100 J=1,48 
TSWR(J)=O.O 
100 CONTINUE 
DO 110 JJ=1,48 
TSWR(JJ)=(1.0/(AREA*HO))*((QOMAX)*DSIN(PI*JJ/12.0)) 
110 CONTINUE 
DO 305 II=1,7 
















360 DO 330 K=25,48 
DO 340 J=1,7 
JJ=K+1-J 
QEWR(K) = QEWR(K)+BT(J)*TSWR(JJ)-DT(J)*QEWR(JJ) 
340 CONTINUE 
QEWR(K) = QEWR(K)-TCNS 
330 CONTINUE 
NCOUNT=NCOUNT+1 
DO 350 II=1,24 
DUM= QEWR (II+24) 
IF(DABS(DUM).LT.1.0E-04) GO TO 350 
ERR= DABS((QEWR(II)-DUM)/DUM) 
IF{ERR.GT.ERROR) GO TO 352 
350 CONTINUE 
IF(NCOUNT.LT.5) GO TO 352 
GO TO 365 
352 DO 355 II=1,24 
QEWR(II)=QEWR(II+24) 
355 CONTINUE • 

























SAMPLE OUTPUT FOR LAG AMPLITUDE PROGRAM 
EO ,A6 ,B16,A2 ,AO , 
TLAG = 3.539687 HRS AMPL RATIO = .1182241 
EO ,A6 ,817,A2 ,AO , 
TLAG = 3.762470 HRS AMPL RATIO = .0927485 
EO ,A6 ,818,A2 ,AO , 
TLAG = 3.912888 HRS AMPL RATIO = .0760554 
EO ,A6 ,819,A2 ,AO , 
TLAG = 4.022780 HRS AMPL RATIO = .0644710 
EO ,A6 ,820,A2 ,AO , 
TLAG = 4.109846 HRS AMPL RATIO = .0559176 
EO ,A6 ,85 ,A2 ,AO , 
TLAG = 4.222397 HRS AMPL RATIO = .0460771 
EO ,A6 ,B21,A2 ,AO , 
TLAG = 4.360729 HRS AMPL RATIO = .0364161 
EO ,A6 ,B22,A2 ,AO , 
TLAG = 4.464893 HRS AMPL RATIO = .0309855 
EO ,A6 ,86 ,A2 ,AO , 
TLAG = 4.579446 HRS AMPL RATIO = .0265347 
EO ,A6 ,823,A2 ,AO , 
TLAG = 4.725596 HRS AMPL RATIO = .0225051 
EO ,A6 ,B12,A2 ,AO , 
TLAG = 4.942984 HRS AMPL RATIO = .0185688 
EO ,A6 ,826,A2 ,AO , 
TLAG = 5.210587 HRS AMPL RATIO = .0155182 
EO ,A6 ,B27,A2 ,AO , 
TLAG = 5.650608 HRS AMPL RATIO = .0124602 
EO ,A6 ,B14,A2 ,AO , 
TLAG = 5.899818 HRS AMPL RATIO = .0112716 
EO ,A6 ,815,A2 ,AO , 
TLAG = 6.495277 HRS AMPL RATIO = .0092144 
EO ,A2 ,A1 ,AO , 
TLAG = 3.648266 HRS AMPL RATIO = .1469585 
EO ,A6 ,816,A3 ,AO , 
TLAG = .422385 HRS AMPL RATIO = .1945518 
EO ,A6 ,B18,A3 ,AO , 
TLAG = .558623 HRS AMPL RATIO = .1214505 
EO ,A6 ,B19,A3 ,AO , 
TLAG = .602905 HRS AMPL RATIO = .1022817 
EO ,A6 ,B20,A3 ,AO , 
TLAG = .641387 HRS AMPL RATIO = .0883298 
EO ,A6 ,B21,A3 ,AO , 
TLAG = .780977 HRS AMPL RATIO = .0570713 
EO ,A6 ,B24,A3 ,AO , 
TLAG = 1.164569 HRS AMPL RATIO = .0316677 
EO ,E1 ,816,A1 ,AO , 
TLAG = 1. 201930 HRS AMPL RATIO = .1717175 
EO ,E1 ,B18,A1 ,AO , 
TLAG = 1.425647 HRS AMPL RATIO = .1109600 
EO ,E1 ,B19,A1 ,AO , 
TLAG = 1. 4954 7 3 HRS AMPL RATIO = .0942745 
APPENDIX B 
LISTINGS OF SURFACE CLASSIFICATION ALGORITHM 
WITH SAMPLE OUTPUT 
95 
96 
LISTING OF WALL CLASSIFICATION SUBROUTINE 
SUBROUTINE IWALLP(IWP,TEXTIS,IS,U) 
c 
C SUBROUTINE TO GET INPUTS FOR WALLS OR PARTITIONS AND TO USE THESE 














10 FORMAT(//,' THE FOLLOWING ARE INPUTS FOR SURFACE TYPE# ',I2, 
+', A WALL OR PATITION' ,/) 
20 CALL INPUT(TEXTIS,'T','ENTER SURFACE DESCRIPTION$') 




DO 100 I=1,17 
IF(RR.LT.R(I))GO TO 101 
100 CONTINUE 
IR=17 
GO TO 104 
101 IR=I 
104 IF(RR.GT.30.0)GO TO 102 
GO TO 103 
102 WRITE(*,*)' WARNING : U-VALUE ENTERED IS SMALLER THAN ALLOWABLE' 
WRITE(*,*)' FOR ACCURATE CALCULATIONS. BEST APPROXIMATION WILL BE' 
WRITE(*,*)' MADE. (MINIMUM U-VALUE = 0.033 BTU/HR-FT**2-F)' 
103 CONTINUE 
WRITE ( *, *) I ' 
WRITE(*,*)' CHOOSE NUMBER OF PRINCIPAL WALL OR PARTITION MATERIAL 
+FROM LIST BELOW' 
WRITE(*,*)' (1) - 1" STUCCO, STEEL SIDING, FINISH, OR GYPSUM' 
WRITE(*,*)' (2) - 4" FACE BRICK * (14) - 8" COMMON BRICK' 
WRITE(*,*)' (3) - 1" WOOD (15) - 8" HW CONC' 
WRITE(*,*) I (4) - 2" WOOD (16) - 12" HW CONC' 
WRITE(*,*)' (5) - 4" WOOD (17) - 2" HW CONC' 
WRITE(*,*) I (6) - 4" CLAY TILE (18) - 6" HW CONC I 
WRITE(*,*)' (7) - 4" LW CONC BLK (19) - 4" LW CONC' 
WRITE(*,*)' (8) - 4" HW CONC BLK (20) - 6" LW CONC' 
WRITE(*,*)' (9) - 4" COMMON BRICK (21) - 8" LW CONC' 
WRITE(*,*)' (10) - 4" HW CONC (22) - 8" LW CONC BLK (F!LLE 
97 
+D) ' 
WRITE(*,*)' (11) - 8" CLAY TILE (23) - 8" HW CONC BLK(FILLE 
+D)' 
WRITE(*,*)' (12) - 8" LW CONC BLK (24) - 12" LW CONC BLK(FILL 
+ED) I 
WRITE(*,*)' (13) - 8" HW CONC BLK (25) - 12" HW CONC BLK(FILL 
+ED) I 
WRITE(*,*)' * - NOTE : DO NOT USE FACE BRICK (2) AS THE PRINCIPAL' 
WRITE(*,*)' MATERIAL IF ANY OF THE MATERIALS (3) THRU' 
WRITE(*,*)' (25) ARE USED IN COMBINATION WITH IT!!!!' 
CALL INPUT(IWM,'I' ,'ENTER NUMBER OF PRINCIPAL WALL OR PARTITION M 
+ATERIAL$ I) 
WRITE ( *, *) I I 
WRITE (*I*) I ' 
WRITE(*,*)' CHOOSE OUTSIDE OR INSIDE LAYER MATERIAL USED WITH PRIN 
+CIPAL MATERIAL' 
WRITE(*,*)' (1) - 1" STUCCO AND/OR GYPSUM' 
WRITE(*,*)' (2) - STEEL SIDING OR FINISH' 
WRITE(*,*) I (3) - 4" FACE BRICK' 
WRITE(*,*) I I 
CALL INPUT(IC,'I' ,'ENTER NUMBER FROM LIST ABOVE$') 
WRITE ( *, *) I I 
WRITE ( *, *) I I 
WRITE(*,*)' CHOOSE MASS PLACEMENT' 
WRITE(*,*)' (1) - MASS IN (2) - INTEGRAL MASS (3) - MASS OUT' 
WRITE(*,*) I ' 
CALL INPUT(MP,'I','ENTER NUMBER FROM LIST ABOVE$') 
WRITE(*,*)' I 
WRITE(*,*) I I 
WRITE(*,*)' INPUT DATA:' 
WRITE(*,*) 
WRITE(*,15)TEXTIS,U,IWM,IC,MP 
15 FORMAT(/,10X,'DESCRIPTION: ',A18,', U = ',F6.4,' BTU/H-FT**2-F', 
c 
+/,10X,'PRINCIPAL MAT= I ,I4,' I OUTER OR INNER LAYER MATERIAL= I, 
+I4,/,10X,'MASS PLACEMENT= ',I4) 
WRITE(*,*)' IF THIS INPUT DATA IS CORRECT ENTER (0) ' 
CALL INPUT(ICHK,'I','IF INCORRECT ENTER (1) TO REENTER INPUT DATA$ 
+I) 
IF(ICHK.EQ.-1)GO TO 20 




OPEN(9,FILE='WALLTYPE.DAT' ,STATUS='OLD' ,ACCESS='DIRECT', 
$FORM='BINARY' ,RECL=2) 
READ(9,REC=IRECW)IWP 





IF(IWP.EQ.O)GO TO 123 
98 
IF(IWP.NE.O)WRITE(*,*)' U-VALUE ENTERED IS OUT THE RANGE OF TA 
+BULATED DATA. BEST APPROXIMATION CHOSEN.' 
GO TO 200 
END IF 
123 IF(IWP.EQ.O)WRITE(*,*)' NO SURFACE EXISTS FOR THESE INPUTS, CHECK 
+INPUT DATA AND REENTER' 
IF(IWP.NE.O)GO TO 200 


















SAMPLE OUTPUT FOR WALL CLASSIFICATION SUBROUTINE 
INPUTS FOR SURFACE TYPE 1 
DESCRIPTION : WALL1 , U = .1249 BTU/H-FT**2-F 
PRINCIPAL MAT = 1, OUTER OR INNER LAYER MATERIAL = 1 
MASS PLACEMENT = 2 
ASHRAE WALL NUMBER 1 CHOSEN 
INPUTS FOR SURFACE TYPE 2 
DESCRIPTION : WALL2 , U = .1111 BTU/H-FT**2-F 
PRINCIPAL MAT = 8, OUTER OR INNER LAYER MATERIAL = 3 
MASS PLACEMENT = 1 
ASHRAE WALL NUMBER 13 CHOSEN 
INPUTS FOR SURFACE TYPE 3 
DESCRIPTION : WALL3 , U = .1114 BTU/H-FT**2-F 
PRINCIPAL MAT = 8, OUTER OR INNER LAYER MATERIAL = 3 
MASS PLACEMENT = 2 
ASHRAE WALL NUMBER 10 CHOSEN 
INPUTS FOR SURFACE TYPE 4 
DESCRIPTION : WALL4 , U = .1114 BTU/H-FT**2-F 
PRINCIPAL MAT = 8, OUTER OR INNER LAYER MATERIAL = 3 
MASS PLACEMENT = 3 
ASHRAE WALL NUMBER 10 CHOSEN 
INPUTS FOR SURFACE TYPE 5 
DESCRIPTION : WALLS , U = .1106 BTU/H-FT**2-F 
PRINCIPAL MAT = 16, OUTER OR INNER LAYER MATERIAL = 1 
MASS PLACEMENT = 1 
ASHRAE WALL NUMBER 27 CHOSEN 
INPUTS FOR SURFACE TYPE 6 
DESCRIPTION : WALL6 , U = .4210 BTU/H-FT**2-F 
PRINCIPAL MAT = 16, OUTER OR INNER LAYER MATERIAL = 1 
MASS PLACEMENT = 2 
ASHRAE WALL NUMBER 17 CHOSEN 
INPUTS FOR SURFACE TYPE 7 
DESCRIPTION : WALL7 , U = .1106 BTU/H-FT**2-F 
PRINCIPAL MAT = 16, OUTER OR INNER LAYER MATERIAL = 1 
MASS PLACEMENT = 3 
ASHRAE WALL NUMBER 26 CHOSEN 
99 
100 
LISTING OF ROOF CLASSIFICATION SUBROUTINE 
SUBROUTINE IROOFF(IRF,TEXTIS,IS,U) 
c 
C SUBROUTINE TO GET INPUTS FOR ROOFS OR FLOORS AND TO USE THESE 













10 FORMAT(//,' THE FOLLOWING ARE INPUTS FOR SURFACE TYPE# ',I2, 
+I , A ROOF OR FLOOR I , /) 
20 CALL INPUT(TEXTIS,'T','ENTER SURFACE DESCRIPTION$') 
50 CALL INPUT(U,'R' ,'ENTER ROOF OR FLOOR U-VALUE(BTU/HR-FT**2-F)$'} 
ICHK=O 
RR=l.O/U 
DO 100 I=1,17 
IF(RR.LT.R(I))GO TO 101 
100 CONTINUE 
IR=6 
GO TO 104 
101 IR=I 
104 IF(RR.GT.33.0}GO TO 102 
GO TO 103 
102 WRITE(*,*)' WARNING : U-VALUE ENTERED IS SMALLER THAN ALLOWABLE' 
WRITE(*,*)' FOR ACCURATE CALCULATIONS. BEST APPROXIMATION WILL BE' 
WRITE(*,*) I MADE • (MINIMUM U-VALUE = 0.033 BTU/HR-FT**2-F) I 
103 CONTINUE 
WRITE(*,*)' I 
WRITE(*,*)' CHOOSE NUMBER OF PRINCIPAL ROOF OR FLOOR MATERIAL FROM 
+ LIST BELOW' 
WRITE(*,*)' (1) - 1" WOOD (11) - ATTIC CEILING COMBINATION 
+' 
WRITE(*,*) I (2) - 2.5" WOOD (12) - 2" HW CONC - 2" HW CONC 
+RTS) *' 
WRITE(*,*) I (3) - 4" WOOD (13) - 2" HW CONC - 4" HW CONC 
+RTS) I 
WRITE(*,*) I (4) - 4" HW CONC (14) - 2" HW CONC - 6" HW CONC 
+RTS) I 
WRITE(*,*) I (5) - 2" HW CONC (15) - 4" HW CONC - 2" HW CONC 
+RTS) ' 
WRITE(*,*) I (6) - 6" HW CONC (16) - 4" HW CONC - 4" HW CONC 
+RTS) I 
101 
WRITE(*,*) ' (7) - 4" LW CONC (17) - 4" HW CONC - 6" HW CONC 
+RTS) I 
WRITE(*,*)' (8) - 6" LW CONC (18) - 6" HW CONC- 2" HW CONC 
+RTS)' 
WRITE(*,*)' (9) - 8" LW CONC (19) - 6" HW CONC - 4" HW CONC 
+RTS)' 
WRITE(*,*)' (10) -.STEEL DECK (20) - 6" HW CONC - 6" HW CONC 
+RTS)' 
WRITE(*,*)' * RTS- ROOF TERRACE SYSTEM: FIRST MATERIAL IS OUTER 
+' 
WRITE(*,*)' LAYER, SECOND MATERIAL IS INNER LAYER.' 
CALL INPUT(IRM,'I','ENTER NUMBER OF PRINCIPAL ROOF OR FLOOR MATER! 
+AL$') 
WRITE(*,*)' I 
WRITE(*,*) I I 
WRITE(*,*)' CEILING DESCRIPTION:' 
WRITE(*,*)' (1) - WITHOUT SUSPENDED CEILING' 
WRITE ( * , *) I ( 2) - WITH SUSPENDED CEILING I 
CALL INPUT(ISC,'I','ENTER NUMBER FROM LIST ABOVE$') 
WRITE(*,*) I I 
WRITE(*,*) I I 
WRITE(*,*)' CHOOSE MASS PLACEMENT' 
WRITE(*,*)' (1) - MASS IN (2) - INTEGRAL MASS (3) - MASS OUT' 
WRITE ( * , *) I I 
CALL INPUT(MP,'I','ENTER NUMBER FROM LIST ABOVE$') 
WRITE(*,*) I I 
WRITE ( * , *) I I 
WRITE(*,*)' INPUT DATA:' 
WRITE(*,*) 
WRITE(*,15)TEXTIS,U,IRM,ISC,MP 
15 FORMAT(/,10X,'DESCRIPTION: ',A18,', u =I ,F6.4,' BTU/H-FT**2-F', 
c 
+/,10X,'PRINCIPAL MAT= ',!4,' , CEILING DESCRIPTION= ',!2, 
+/,10X,'MASS PLACEMENT= ',!4) 
WRITE(*,*)' IF THIS INPUT DATA IS CORRECT ENTER (0) ' 
CALL INPUT(ICHK,'I','IF INCORRECT ENTER (1) TO REENTER INPUT DATA$ 
+') 
IF(ICHK.EQ.1)GO TO 20 












IF(IRF.EQ.O)GO TO 123 
IF(IRF.NE.O)WRITE(*,*)' U-VALUE ENTERED IS OUT THE RANGE OF TA 
+BULATED DATA. BEST APPROXIMATION CHOSEN.' 
GO TO 200 
END IF 
102 
123 IF(IRF.EQ.O)WRITE(* 1 *)' NO SURFACE EXISTS FOR THESE INPUTS, CHECK 
+INPUT DATA AND REENTER' 
IF(IRF.NE.O)GO TO 200 
GO TO 50 
200 CONTINUE 
WRITE(6,15)TEXTIS,U 1 IRM,ISC 1 MP 
WRITE(6 1 16)IRF 







FUNCTION IRECRF(MP 1 ISC,IR,IRM) 






SAMPLE OUTPUT FOR ROOF CLASSIFICATION SUBROUTINE 
INPUTS FOR SURFACE TYPE 1 
DESCRIPTION : ROOF1 , U = .0500 BTU/H-FT**2-F 
PRINCIPAL MAT = 16 , CEILING DESCRIPTION = 2 
MASS PLACEMENT = 2 
ASHRAE ROOF NUMBER 33 CHOSEN 
INPUTS FOR SURFACE TYPE 2 
DESCRIPTION : ROOF2 , U = .0650 BTU/H-FT**2-F 
PRINCIPAL MAT = 8 , CEILING DESCRIPTION = 1 
MASS PLACEMENT = 3 
ASHRAE ROOF NUMBER 10 CHOSEN 
INPUTS FOR SURFACE TYPE 3 
DESCRIPTION : ROOF3 , U = .0900 BTU/H-FT**2-F 
PRINCIPAL MAT = 11 , CEILING DESCRIPTION = 1 
MASS PLACEMENT = 2 
ASHRAE ROOF NUMBER 2 CHOSEN 
INPUTS FOR SURFACE TYPE 4 
DESCRIPTION : ROOF4 , U = .1000 BTU/H-FT**2-F 
PRINCIPAL MAT = 10 , CEILING DESCRIPTION = 1 
MASS PLACEMENT = 2 
ASHRAE ROOF NUMBER 1 CHOSEN 
INPUTS FOR SURFACE TYPE 5 
DESCRIPTION : ROOFS , U = .1200 BTU/H-FT**2-F 
PRINCIPAL MAT = 3 , CEILING DESCRIPTION = 2 
MASS PLACEMENT = 2 
ASHRAE ROOF NUMBER 20 CHOSEN 
INPUTS FOR SURFACE TYPE 6 
DESCRIPTION : ROOF6 , U = .0400 BTU/H-FT**2-F 
PRINCIPAL MAT = 20 , CEILING DESCRIPTION = 2 
MASS PLACEMENT = 2 
ASHRAE ROOF NUMBER 42 CHOSEN 
INPUTS FOR SURFACE TYPE 7 
DESCRIPTION : ROOF7 , U = .0410 BTU/H-FT**2-F 
PRINCIPAL MAT = 5 , CEILING DESCRIPTION = 2 
MASS PLACEMENT = 1 
ASHRAE ROOF NUMBER 14 CHOSEN 
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C THIS SUBROUTINE SELECTS THE CHOSEN CONDUCTION TRANSFER FUNCTION 
C COEFFICIENTS FROM FILE WALLTFS.DAT OR ROOFTFS.DAT ACCORDING TO 

















CALL DEBUG('TRANSF' ,1) 
IF(IB.NE.3)GO TO 3000 
C CHOOSE SURFACE TYPE 
c 
WRITE(*,*) I I 
WRITE(*,*)' SURFACE TYPES ENTERED - CHOOSE NUMBER REPRESENTING' 
WRITE(*,*)' THIS ROOM AND SURFACE' 
WRITE(*,*)' I 
DO 700 I=1,NSTYPE 
700 WRITE(*,710)I,TEXTIS(I) 
710 FORMAT(4X, I (',I2,') - ',A65) 
c 
C OPEN CORRECT DATA FILE AND RETRIEVE TRANSFER FUNCTION 
C COEFFICIENTS TO SEND BACK TO MAIN PROGRAM 
c 
JSTYPE=1 
CALL INPUT(JSTYPE,'I' ,'ENTER NUMBER FROM LIST ABOVE$') 
IF(IS(JSTYPE).EQ.1)0PEN(9,FILE='WALLTFS.DAT',STATUS='OLD', 
+ACCESS='DIRECT',FORM='BINARY' ,RECL=124) 
IF(IS(JSTYPE).EQ.2)0PEN(9,FILE='ROOFTFS.DAT' ,STATUS='OLD' I 
+ACCESS='DIRECT' ,FORM='BINARY' ,RECL=124) 
READ(9,REC=KSTYPE(JSTYPE))WRTYPE,(BT(I),I=1,7),(DT(J) ,J=1,7),UWRT 
CLOSE(9) 
















CONDUCTION TRANSFER FUNCTION COEFFICIENTS FOR 
ALL WALL AND ROOF TYPES 
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b,c, AND d TRANSFER FUNCTION COEFFICIENTS FOR WALLS 
I llLL nn 1 : IU3.11.113.13,10 
t STUL mm II 4' liS. 
I a=O a=1 a=% 
1 h . mm-oz .mm-o1 . mm-02 
1 ta .totooi+Ol -.2&om+oo .mm-oz 
a=l a=4 a=S •=i 
.mm-u .nom-oa .mm-u .mm-n 
-.sum-o' .mm-u -.mm-n .man-n 
caa .oum 
1 = .omu 1-----------------------------------------------------------------------------------------------: 
I lill TTPI 2 : 10 ,11 ,I1U1 ,10 , 
1 run ULL 11 s• 11s. 
a=O a=1 1•2 a=l 1•4 1=S a=i 
1 ~~ .mm-01 .smu-oz .mm-o2 .mm-02 .mm-o' .mm-01 .mm-12 ca = .onm 
I b .100001+01 ·.933191+00 .2739il+OO -.mm-01 .142391-03 -.1931!1-0l .iOOOSl-17 I a .055316 1--------------------·-------------------------------------------------------------·---------: 
I llLL m1 3 : 10 ,Cl .15 .li .10 , 
I 4' 1.1. COIC. JL(. 1/ t• liS. 
~0 I~ P% p) P4 ~5 ~i 
1 ~~ .uom-02 .323051-tl .wm-01 .U5501-o3 .mm-oi .mm-11 -.mm-ts ca = .mm 
1 ta .1ooon+o1 -. mm+oo .mm-01 -.mm-o1 .mau-o9 -.mm-21 .mm-u u = .mm 
;---------------------------------------------------------------------------------------------------------1 
I llli TTPI ( : 10 .11 ,li .C12.10 , 
I 2• IIS. 1/ 2• 1.1. COIC. 
I a=O 1•1 1=2 a=l 1~<4 1aS a=i 
1 h .mm-o• .1om1-t2 .lU051-G2 .unn-oz .mm-o1 .mon-o• .mm-o! ca = .tom' 
1 ta .1ooooz+o1 -.mm+o1 .mm+oo -.mm-01 .mon-02 -.mm-06 .mm-11 1 • .oum 
l----------------------------------------------------------------------------------------------------------1 
1 mL m& s : 10 .u .m.c1 .10 • 
I l.W liS. 1/ I" L.l. COIC. ILl. 
a=O a•l a=2 a=l a=4 a=5 a=6 
: ~· .ao1m-o4 .mm-o2 .101m-o1 .mm-02 .mm-03 .23140!-06 .mm-11 ca = .omn 
I b .10K01+01 -.lHOU+Ol .mm+OO -.mm-01 .mSOE-03 -.152SU-07 .&011U-H I = .mm 
l-------------------------------------------------------------------------------------------------------------1 
I llLL TYPE 6 : 10 ,11 ,12 ,CS .11 .10 , 
I 1• IIS. II &' 1.1. COIC. 
I a=O a=1 
1 ~· .so5m-o3 .mon-02 
I 41 .108001+01 -.111511+01 
•=2 acl •• , •=5 a=i 
.1osm-o1 .127301-02 .mm-os .mm-o9 .mm-u 
.loom+oo -.mon-01 .mm-os -.uom-11 .sum-H 
Ca • .021140 
1 = .mm 
l----------------------------------------------------------------------------------------------------------1 
I llLL TfPI 1 : 10 ,li ,CS ,13 ,13 ,10 , I 
I (' 1.1. COIC. 1/ l' liS. 
I a=O a=1 a=l aal a=4 a=S •=' 
1 b .mm-01 .mm-oz .mm-oz .mm-o4 .1003U-o7 .mm-11 -.mm-u ca = .013033 
1 b .1oooouo1 -.mm+oo .mm-01 -.mm-os .mm-10 -.mm-u .nom-1o 1 = .121m 
1------------------------------------. ----------------------------------------------- ---------- ----1 
I llLL m1 I : 10 ,U ,Cl%,15 .U ,10 , I 
I f1Cl IIICl 5 2• 1.1. COIC. 1/ 1• liS. 
I a=O a•1 a=l 
1 b .mon-ol .man-oz . mou-o2 
I b .100001+01 -.120011+01 .219371+00 
lilTS : I, ~~. Ca = ITI/kr-ft**l·'F 
a=3 ... , a=5 a=6 
.mm-oz .mm-o& .mm-01 .mm-u 
-.tom1-01 .mm-o& -.mm-n .mm-11 
Sll lPPlllll I fOl Ttl Till L1CS liD liPLITIJI llTIOS COlllSPOIDliC TO TllSI COiffiCIIITS. 
ca • .mm 
1 • .mm 
1 llLL un ' : 10 .u .115.110.10 • 
I i" IIS. 1/ 2" 1001 
I a•O a=1 a=2 
1 ~· .350111-07 .mm-o4 .mm-u 
I b .100001+01 -.li3351+01 .li9711+00 
Pl P4 P5 Pi 
.wm-02 .5ouu-u .mm-u .mm-oi 
-.mm+oo .wm-01 -.3DSHI-03 .mm-oi 
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Ca = .002932 
I = .042413 l------------------------------------------------------------------------------------------------------------------1 
I ll1L IDI 10 : ID.Il.C2.15.U.l0 
I 4" ~.1. COIC. ILl. 1/ 1" liS. ' llCl JliCI 
I 1=0 1=1 ac2 
1 n . mm-os .1ouu-02 .mm-02 
I h .100001+01 -.lii361+01 .UUOl+OO 
1=l a=4 a•S a•i 
.mm-02 .mm-ol .mm-os .mm-oa 
-.uom+oo .350UH2 -.tlim-os .ml91-09 
ca = .ooam 
I = .155Hl 1--------------------------------------------------------------------------------------------------------------- i 
I ll1L TTPI 11 : l0,1l,CI,I6,11.10. I 
I &" 1.1. core. ILl. 1/ 2" IrS. 
1•0 a=1 J&2 
1 n .mm-o5 .mm-o3 .mm-oz 
I h .100001+01 -.152411+01 .i71Ul+OO 
acl 1=& a=S 1=6 
.u2m-o2 .mm-ol .mm-os .mm-oa 
-JUlU-01 .231971-02 -.235711-05 .396321-09 
Ca = .005522 
I = .109090 l----------------------------------------------------------------------------------------------------------------1 
I llli TrPI 12 : 10 ,11 ,Jl .ClO .11 ,10 I 
1 a· 1.1. core. 
I 1=0 
I ~~ .157011-0& 
I ia .180001+01 
a=l 1=2 1=l a=& a=S a=i 
.mm-o2 .mm-oz .mm-oz .mm-o3 .mm-o5 .mm-oa 
-.1s1m+o1 .mm+OO -.amn-ot .mm-02 -.mm-os .mm-09 
Ca = .015277 
u = .mw 1-------------------------------------------------------------------------------------------------------------l 
I lli.L Tm 13 : 10 ,12 ,C5 ,IU,li ,10 • I 
I FlCIIliCI ' &" 1.1. COIC. 1/ O.il" IIS. 
I a=O a=l •=2 
1 ~. .mm-u .zo2m-o2 .mm-02 
l 41 .100001+01 -.1Ul51+01 .U6971+0G 
a=l a=4 a=S 1=i 
.zmn-oz .mm-ol • mm-n .zoun-og 
-.mm-01 .5mn-ol -.aoom-oi .mm-11 
Ca = .010527 
u = .mm 1-----------------------------------------------------------------------------------------:..------------ i 
I llLL IDI U : 10 .12 ,12 ,16 ,16 ,U • 
I r&Cl JUCI ' FlCI JliCI 1/ 2" IIS. 
1cO a=1 a=2 
1 n .mm-o5 .mm-o3 .mm-oz 
1 ta .1oooo1+o1 -.mm+o1 .mm+oo 
Pl p( PS Pi 
.mm-02 .155331-03 .mm-os .mm-oa 
-.mm-01 .mm-02 -.mm-os .uom-oa 
Ca = .G03365 I 
I = .llUiO I l--------------------------------------------------------------------------------------------------------------1 
1 rm m1 15 : . 10 .u .c11 ,at .11 .u , 
1 a· ~.1. core, m.tmml 'rm me& 
I •=0 1=1 a=2 
1 n .mm-oa .mm-o& .mm-o3 
I ia .100001+01 -.200001+01 .13U01+01 
P3 P( l~ Pi 
.tmn-02 .mm-o1 .mm-o& .mm-os 
-.373U&+oo .mm-01 -.uom-e2 .mm-u 
Ca = .002911 




I llLL mE H : 10 .16 ,CU,Jl .17 ,10 • 
1 a· u. core. m. (FILLED) • rm JliCI 
a=O a=l a=2 
1 ~· .mm-05 .uom-u .mm-oz 
I u .100001+01 -.2002U+01 .132191+01 
a=3 ... , •=5 a=i 
.210221-02 .mm-03 .mm-o4 .mm-06 
-.m&n+OO .23i071-01 -.522051-43 .1&5001-05 
ca = .oo5m 
v = .mm 
I fill TTPI 17 : 10 ,ll ,C2 ,115,10 • 
I flCI lllCl ' t• ~.1. COIC. ILl. 1/ i" IIS. 
I a=O a=l a=l 
1 b .mm-t9 .mm-os .mm-t3 
I b .100001+01 -.200171+01 .131111+01 
•=l •=4 a=S t=i 
.mm-01 .300101-03 JUOU-t4 .mm-o5 
-.311!71+00 .3!i1iE-01 -.1i4i71-02 .2211!1-0( 
ca • .ooom 
1 • .omH 
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1---------------------------------------------------------------------------------------------------l 
I llLL TTPE 11 : 10 ,li ,I25.C! .11 , I 
I l.W liS. 1/ I" COUOilliCl I 
I a=O a•1 a=2 t=3 a=( 1"5 t=i I 
1 bl .mm-01 .mm-u .mm-o1 . 70i211-03 .mm-03 .sum-o' .tnm-os ca = .oow1 1 
1 h .tooooi+01 -.mm+ol .124411+01 -JJom+to .mm-01 -.1U?Ol-02 .mm-u a = .mm 1 l------------------------------------------------------------------------------------------------------1 
I llLL TTPI 19 : 10 ,CJ .li .U .10 • I 
I a• COIIOI lliCl 1/ 2• IIS. I 
rO ·~ ~2 rl r4 r5 ~~ 1 
1 •• .36UOI-87 .mm-u .mm-o3 .mm-01 .mm-03 .mm-u .mm-ti ca = .oom1 
I b .100001+01 -.17lln+01 Ji0171+00 -.169041+00 .957541-02 -.lilUI-03 .llliU-ot I = .105710 
l----------------------------------------------------------------------------------------------------------1 
1 1m nn 20 : 10 ,m,m,u ,u . 
I 12 ' 1.1. COIC. 1/ O.il• liS. 
a=O a•1 
I ~~ .176111-0i .12C141-G3 
I b .100001+01 - .116031+01 
r2 ~3 ~• r5 ri 
.11930I-D2 .mm-02 .lut31-o3 .mon-oc .wm-oi 
.1oms+o1 -.mon+oo .1oom-o1 -.mm-03 .uom-o' 
Cl = .00325! 
n = .mm 
1--------------------------------------------------------------------------------------------------: 
I llLL TTPI 21 : 10 ,Cll ,li .11 ,lO , 
I 12• 1.1. COIC. 1/ 2• IIS. 
t=O a=1 
1 h .mm-oa .mm-os 
I h .18000£+01 -.212&11+01 
•=2 1=3 a=C a=S a=i 
.uaoaz-o3 .cmSI"'Ol .mm-o3 .mm-u .sum-oi 
.153971+01 -.(55121+00 .529&41-01 -.1S83U-G2 .555201-05 
Ca = .000&11 
I " .1122&1 l--------------------------------------------------------------------------------------------------------1 
I llLL TTPI 12 : 10 ,C1C,I15 .ll ,lO , I 
I 4' ~.1. COIC. 1/ i" liS. I flCIIliCl 
I a•O a=1 a=1 
1 h .304431-10 .mm-o5 .mm-o' 
I u .10000£+01 -.2ll711+01 .ltSUI+Ol 
a=l a=C a=S •=' 
.2i33SHl .lSlHE-03 .mm-04 .315131-GS 
-.mm+OO .man-01 -.mm-oz .mm-oc 
Ca = .OOG639 
n = .040354 
:--------------------------------------------------------------------------------------------------------1 
I IW. TTPI ll : 10 ,11 ,115,C7 ,12 ,10 , 
I ,. liS. 1/ a• ,,I. COIC. ILl. 
1=0 a=l a=2 a=l 1=4 t=S a=i · 
1 •• .aum-12 .nun-o' 
I la .100001+01 -.254231+01 
.mm-oc .mm-ol .mm-03 .mm-u .mm-u ca = .ooom 
.wm+o1 -.11om+o1 .mm+eo -.mm-01 .101m-o2 1 " .aum 
1----------------------------------------------------------------------------------------------------------: 
1 IW m1 2c : 10 ,u ,m,al .11 .10 • 
I u• 1.1. COIC. IU. (l!LLEDl a flCI lliCl 
I a=O 1=1 a=l 
1 h .mm-o9 .mm-os .151011-tl 
I h .100001+01 -.2UG01+01 .22%i01+81 
•=3 •=4 1•5 •=' 
.mm-o3 .mm-ol .uam-oJ .mm-o5 ca = .001591 
-.172311+00 .U%751+00 -.150231-tl .mCU-03 I = .UilU 
I ~~~ TTPI 25 : 10 ,12 ,C15,112.1' .10 , 
I rlCIIUCI l ,. ~.1. COIC. 1/ 3" IIS. 
az:O a=1 a=2 
1 n .mm-11 .mlOI-05 .mm-oc 
I b .110001+01 -.221511+01 .1101ii+01 
F] Pt F5 F' 
.mm-o3 .mm-03 .mm-u .mm-os 
-.mm+oo .amu-u -.mm-02 .mm-o3 
Ca • .000513 
1 = .mm 
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1------------------------------------------------------------------------------------------------------------------l 
I llLL TYPE 25 : 10 .12 ,Ci ,li ,1, ,10 • 
I FlCI IUCI l a• CLlJ TILl 1/ 2" IIS. 
a•O a=1 . a=2 a=l a=& a=S a=' 
1 ba .mm-09 .mm-os .mm-u .mm-o3 .mm-u .mm-u .mm-os ca ~~ .ooom 
1 ta .1oeoo1+01 -.211111+01 .t,om+o1 -.mm+eo .som1-01 -.mm-o2 .3105U-ot 1 • .mau 
1-----------------------------------------------------------'----------------------------------------------------l 
I llLL rm 27 : 10 ,U ,J1U11,11 ,10 , I 
I 5" liS. 1/ 12 • 1.1. COIC. 
I 1=0 a•1 a=2 
1 ~~ .mm-u .mm-01 .mm-os 
I b .110001+01 -.2559«+01 .2(59&1+01 
F3 F( F5 Fi 
.mm-u .lOlm-oJ .soam-u · . 70U11-05 
-.112551+01 .mm+oo -.mm-01 · .1o1osH2 
ca = .ooom 
I z: .052UO 
l-------------------------------------------------------------:---------------------------------------------------1 
l fill ffll 2& : IO,Il.Cll,Bll.ll,lO 
I U" 1.1. COIC. 1/ t• liS. 
1=0 1"'1 
1 n .mm-11 .mm-u 
1 •a .1oooo1+01 -.mm+o1 
a=2 1•3 1=& 1•5 a•i 
.mm-u .mm-o3 .mm-o3 .mm-o& .mm-o5 ca = .oomc 
.mm+01 -.mm+oo .. mm+oo -.mon-01 .mm-03 u = .oma I I 1------------------------------------------------------------------------------------------------------------l 
I lnL m1 2' : 10 .12 ,Cll,IS .U .10 , I 
I FlCI IIICI ' 12" 1.1. COIC. 1/ 1" liS. 
I 1=0 a=1 a=2 
1 n .zmn-10 .HIUE-Oi .mm-o' 
1 ta .1oom+o1 -.mm+ol .2o1m+o1 
F3 F( P5 F' 
.2omz-o3 .mm-o3 .mm-u .mm-o5 
-.757611+00 .111611+00 •• ,73661-02 .153031-03 
Ca = .000519 
v = .mm 
l----------------------------------------------------------------------------------------------------------1 
I llLL TYPI 30 : 10 .11 ,ll!,CU,12 ,10 • 
I O.W IIS. II 12" U. COIC. ILl.(riLLIDl l rlCIIliCI 
1=0 a=l a=2 a=3 
1 ~a .52om-B .mm-01 .mm-os .mm-01 
I b .100t01+01 -.213631+01 .3103&1+01 -.1m31+01 
a=l a=5 a=i 
.wm-03 .100301-03 .mm-u 
.(53601+00 -.i%1%11-01 .392771-Gl 
Ca = .000336 
u = .mm 
1-------------------------------------------------------------------------------------------------------l 
I ilLL TYPI 31 : 10 .11 .115.Cl5,12 ,10 , 
I ,. liS. 1/ i" L.l. COIC. ' FlCI lllCI 
a=O 1=1 az2 
I b .mm-15 .5UUI-ot .UIUI-05 
1 .. .1oooo1+01 -.mm+o1 .mm+o1 
a=3 a=l 1=5 a=i 
.Z%4591-01 .ii7401-0I .596511-0& .166961-0& 
-.mm+o1 .s5om+oo -.uam-01 .5mU-02 
ca = .toom 
r = .mm 
1-------------------------------------------------------------------------------------------------------------l 
1 llLL rm 12 : 10 .11 ,123.19 .12 .10 , 
I 2.42" IIS. 1/ UCIIliCI 
I a=O a=1 1•2 
1 b .mm-u .mm-01 .mm-os 
I b .180001+01 -.212271+01 .30UU+Ol 
P3 PI FS Fi 
.ll0111-04 .111631·03 .727101-01 .11i791-G4 
-.mm+Ol .(U2JE+oo -.sum-01 .mm-02 Ca = .000251 u = .omu 
1 mL m1 ll : 10 .12 ,c, .m.u .10 • 
I llCE ll!Cl i I" CLlt TILE 1/ ,. !IS. 
a•O a•1 a=2 a=3 a=( a=S •=' 
111 
1 b .111021-u .mm-u .mm-os .wm-u .mm-oc .mm-oc .102m-oc ca = .ooms 
1 aa .1ooooHo1 -.mm+01 .mm+o1 -.mm+ol .loom+oo -.mm-01 .mm-02 v = .oum 
1--------------------------------------------------------------------------------------------------------t 
I IW TrP£ 3t : 10 ,Cll,Ul,12 .10 • 
I 12" 1.1. COIC. 1/ l.W IIS. 'rm UICI 
I a=G a=1 a•2 
: ~· .mm-10 . mm-o' .Jmn-u 
1 ta .100o01+e1 -.mm+01 .mm+t1 
a=3 a=( 1'"5 •=' 
.1(521!-03 .131291-03 .33100!-0( .195111-GS 
-.10797£+01 .112371+00 -.1057(1-GI .207111-03 
Ca = .000351 
1 = .wm 
: ---------------------------------------------------------------------------------------------------------------: 
I ll1L TYPE 35 : 10 ,11 ,J1(,C11,12 ,10 , 
I 5" IIS. 1/ 12" 1.1. COIC. ' f1CI JliCI 
•=O a=1 a=2 
: ~· .mm-u .mm-oa .sum-oi 
I b .10~U+01 -.2!6&51+01 .lUil!+Ol 
•=3 •=• ,, •=5 •• , 
.um1-05 .Jmu-oc .mm-u .1oam-u 
-.102111+01 .U302E+OO -.lOSUE+OO .90555!-0Z 
c.= .ooom 




1 mL m1 3& : 10 .12 .m.m.u .10 . 
I rm JllCl i 12' 1.1. COIC. II 3.33" liS. 
~0 ·~ ~2 1 ~· .mm-13 .mm-o1 .mm-os 
l 41 .100001+01 -.255131+01 .lliiOI+Ol 
a=l a=( a=S a=6 
.mm-u . 71277!-0t .mm-o' .umz-os 
-.!90%3E+OO .HSOSE+OO -.UH11-01 . mm-G3 
c. = .ooom 






: mL Tm 37 : 10 .11 .m.cu.12 .10 • 
I 3.33" IIS. 1/ 12' L.l. COIC. aLI.(FikLID) i llCI )llCI 
a=O a=1 a=l a=l 
1 '• .mm-H .mm-o9 .uooo1-0' .mm-os 
I b .100001+01 -.3177U+01 JOUU+Ol -.256331+01 
~• ~s ·~ 
.251021-0( .3(5161·0( .15(63!-0( 
.mm+OO -.H7UI+O~ .16379!-01 
C1 = .000081 
v = .mm 
!-------------------------------------------------------------------------------------------------------------: 
: rm Tm 11 : 10 .11 .m.m.12 .10 , I,. IIS.I/12'1.1. COIC. JLl.lriLLEDl i flCE UICI 
l t=O a=1 a=2 a=l 
1 b -.mm-u .mon-u .209251-06 .. smu-os 
1 b .1ooooz+o1 -.mm+ot .mm+o1 -.mm+ot 
~' ~5 ~' 
.wm-ot .mm-o' .mm-o' 
.IHln+OO -.172091+00 .170511-tl 
Ca = .000071 I 
V = .011315 I 
1-------------------------------------------------------------------------------------------------------------: 
I ll1L m1 3! : 10 .12 .CH.IlU6 ,10 • 
I llCIIliCI ' I" L.l. COIC. II 5' tiS. 
I •=O a=1 a=2 
I h .mlOI-15 .&31991-09 .215751-06 
I h .100001+01 -.mm+01 .345UE+81 
•=l a=t •=5 a=i 
.smu-o5 .wm-u .mm-ot .mm-u 
-.mm+Ol .mou+oo -.&&Ull-01 .mm-e2 
Ct = .000013 
u : .0(00(1 1-------------------------------------------------------------------------------------------------l 
I ll1L UPI (0 : 10 ,12 ,C20.115,U ,lO • 
I FlCI UICI i 12" 1.1. COIC. JLI.(FIIJ.lDl 1/ i' !IS. 
I a=O a=1 •=2 •=3 
1 h -.mm-u .m«E-09 .mm-o' .mon-os 
1 b .1eooo1+01 -.mm+o1 .lmU+Ol -.mmm 
~' ~5 ~' 
.mm-04 .278151-0( .101011-u 
.smsmo -.amn-o1 .mm-02 
Ca = .000068 
v = .omt2 
I mL ffll U : 1Ul,Cll,JH.12.10 
I 12" 1.1. COIC. 1/ 5" liS. 'FlCIUICI 
I a=O a=l a=2 
1 ba -.mm-u .mm-oa .mm-t' 
1 b .tooooi+Ol -.1omuot .mm+ot 
azl •=4 a=5 a=i 
.mm-os .207071-04 .llHSE-04 .mm-os 
-.211991+01 .mm+eo -.mm-01 .mm-02 
C1 : .OOOOSl 
r = .mm 
112 
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b,c, AND d TRANSFER FUNCTION COEFFICIENTS FOR ROOFS 
I IOOF ffil 1 : 10 ,ll ,125,13 ,ll ,10 , 
I STUL SlUT i/ 3.33" liS. 
I a=O a=1 a=l 
1 h .mm-02 .wm-o1 .mm-01 
1 ta .mm+o1 -.mm+oo .m70l-01 
a=3 ac( a=S a=i 
.mm-o3 .233391-06 . mm-12 -.mm-H 
-.mou-o• .mm-o' -.1mu-a .l23HH& 
ca = .mm 
I I .010251 1----------------------------------------------------------------------------------------------------l 
I lOOP m1 2 : 10 .ll .11U3 .12 ,10 , 
I STilL SIIIT 1/ 5" liS. 
I a=O a=1 
: ~~ .mau-oJ .mm-o1 
I il .100801+81 -.i00641+00 
a•l a=3 a=( a=5 a=i 
.mm-o1 .wm-o2 .mm-oc .mm-oa .mm-13 
.mm-ot -.mm-oz .mm-os -.mm-10 .mm-u 
ca = .omu 
r = .mm 1----------------------------------------------------------------------------------------------------------: 
I lOOP TTPI 3 : 10 ,15 ,U ,C12,13 ,12 ,10 , I 
I 2" 1.1. COIC. 1/ SISP. CIIL. 
a=O a=1 
: h .mm-oz .mm-01 
I b .100001+01 -. 75HSI+OO 
~2 ~3 ~' ~5 ~' 
.mm-01 Jmn-oJ .mm-o7 .mm-13 -.mm-15 
.143&7£-01 -.i0003l-04 • 714571-10 -. mm-21 .OOOOOE+OO 
ca = .mm 
a = .mm 
:---------------------------------------------------------------------------------------------------------: 
I 1001 mE 4 : 10 .11 .llS,U ,17 ,lC , I 
I lT'llC lOOF 1/ i" IIS. I 
1 a=O a=1 a=% a=3 a=4 a=S a=i 1 
: h .mm-o5 .mon-o3 .3m11-o2 .mm-02 .m79H3 .mm-os . m9u-oa ca = .oo6m 1 
1 ta .1eooo1+01 -.mm+o1 .stmz+oo -.mm-ot .mm-o2 -.mm-os .mm-oa e = .omH 
1-----------------------------------------------------------------------------------------------------l 
I lOOl Tm 5 : 10 ,11LC12.13 .12 ,10 , 
I 5" liS. 1/ 2" 1.1. COIC. 
a=O a=1 
1 h .smn-o' .mm-o2 
I il .10000&+01 -.110m+01 
a=2 · a=l a=4 a=S a=i 
.mm-o2 .mm-oz .211m-u .mm-01 .H604E-12 
.li1,5l+OO -.474121-82 .21(501-0' -.77,1lE-0! .104911-11 
C1 = .008401 
U = .OWH I 
:----------~-------------------------------------------------------------------------------------: 
1 toor Tm ' : 10 ,cs ,117 ,!3 .12 ,10 • 
I 4" 1.1. COIC. t/ 0.3" liS. 
~o ~1 ~2 
1 b .mm-o2 .mm-01 .mm-01 
I b .100001+01 -.mOSI+OO .UUU+tO 
a=3 •=' a=S a=i 
.mm-oz .mm-os .30135!-11 .36SOaHs 
-.271191-02 .SUOOI-08 -.101HI-1S .mm-21 
ca = .mm 
1 = .mm 
l---------------------------------------------------------------------------------------------------------------1 
I IOOF TTPI 7 : 10 ,J22,C12,13 ,12 ,Cl%,10 I 
I U7" liS. 1/ 2" 1.1. COIC. ITS 
•=0 a=l •=2 a=l a=4 1=5 a=i 
1 ~· .mm-o3 .mm-oz .mm-oz .mm-oJ .mou-o6 .mm-11 -.mm-15 ca = .omu 1 
1 h .1oooo1+01 -.111771+01 .l37311+to -.mill-04 .mm-oa -.mm-u .mm-u [ = .mas 1 l------------------------------------------------------------------------------------------------------------1 
1 toor m1 a : 10 ,JH.C13,13 .12 .10 • 
I 1.15" liS. 1/ i" 1.1. COIC. 
t=O a=l 
1 ~. .mm-ol .man-01 
I il .101001+01 -.110231+01 
•=2 •=3 a=4 a=S a=i 
.zom1-o1 .mm-02 .mm-ot .mm-oa .mm-1s 
.20750I+Oo -.msu-02 .wm-os -.mm-u .mm-20 
mn : I, h, Ca = ITV/kr-ft**Pf 
m : 1001 muc1 mm 
m mmn 1 ro1 m TID ms m wmm amos conmonm TO TUSI cotmmm. 
ca = .uma 







1 1001 rm ! : 10 .15 .u .m.ca,l3 .12 ,1o , 
I 3" liS. 1/ 4" ~.1. COIC. i SISP. CIIL. 
I a=O a=1 a=2 a=3 a=4 a=5 a=i 
1 b .mm-o; .lU55H3 .mm-02 .mm-o2 .mon-03 .23Ull-04 .mm-oi ca = .005504 
1 b .roooo1+o1 -.140£01+01 .5mu+oo -J033U-G1 .mm-oz -.mm-ot .mm-o7 1 = .057W 
114 
1-----------------------------------------------------------------------------------------------------------: 
I 1001 TYPI 1D : 10 ,15 ,U ,C15 ,11Ul .12 ,10 , 
I i" L.l. COIC. 1/ 0.15" liS. i SUSP. CII~. 
I a=O a=1 a=2 •=3 •=4 •=5 •• , 
1 ~~ .mm-o£ .mm-o3 .aom-o2 .303371-02 . 7lHU-03 .mm-ot .2mu-o; 
1 b .1ooooz+o1 -.mm+o1 . mm+oo -.n7m+oo .mm-o2 -.mm-o4 .mm-o' 
ca = .ooms 
' : .10370& 1-----------------------------------------------------------------------------------------------------------l 
1 1oor Tm 11 : 10 ,cs .115.13 .12 .10 , 
l 4" 1.1. COIC. 1/ i" liS. 
a=O a=1 a=2 a=3 a=( a=5 a=i 
1 ~· .2souz-o6 .mon-o3 .m22H3 .101731-Gl .mou-o3 .nom-os .mm-o1 
I b .lOOOOE+Ol -.liU71+01 . mm+oo -.umz+oo .mm-02 -.&13331-04 .mm-01 
Ca = .0023%2 
8 = .OH113 
1----------------------------------------------------------------------------------------------------------------: 
I 1001 TYPI12 : 10 ,Cl3.11U3 ,12 ,Cll,lO , 
I i" 1.1. COIC.-G.15" IIS.-2" 1.1. COIC. 1!S 
I a=O t=1 a=l 
I ia .mSOE-04 .355591-02 .1057U-01 
1•3 •• , ••5 •• , 
.4oml-02 .lUUI-03 .mm-oi .mm-10 
I da .100001+01 -.159271+01 .12160!+00 -.mm-01 .mm-oJ -.mm-u .mm-u 
Ca • .OlUH 
r = .3m3o : 
1-------------------------------------------------'--------------------------------------------------------l 
I 100F TYPI 13 : 10 ,Cll ,16 , 13 ,12 ,10 , 
I i" 1.1. COIC. 1/ 2" liS. 
a=O •=1 •=2 a=3 a=l a=S a=i 
I ~~ .1&8201-U .13ilU-G% .372521-G2 .129121-02 .554711-04 .171SU-Oi .WlOI-10 Ca = .006(53 
1 u .1oooo1+01 -.mm+01 .uaSE+oo -.mm-01 .mm-o3 -.mm-01 .mm-u u = .11ms 1--------------------------------------------------------------------------------------------------: 
I 1001 Tm U : 10 .15 ,U ,Cl2.113,13 .12 .10 , 
1 1" 1.1. co1c. 11 t• m. 'sm. em. -
a=O a=l a=l a=l 
1 ~· .uam-o5 .uom-03 .wm-02 .mm-03 
I h .100001+01 ·.1331U+Ol .(USU+OO -.mm-01 
a=( a=S a=i 
.Jo4m-u .mm-ei .mm-1o 
.mm-oJ -.mm-oi .mm-12 
ca = .ooms 
a = .mm l---------------------------------------------------------------------------------------------------1 
1 1oor nn 15 : 10 ,15 ,u .cs ,16 ,13 .12 .10 , 
I (• 1.1. COIC. 1/2" liS. i SISP. em. 
I a=O a=l a=l a=3 a=4 a=S a=i 
1 ~· .mm-o5 .mm-03 .mm-01 .mm-03 .mm-ot .mm-o7 .mm-11 
I ia .100001+01 -.124351+01 .1&1411+00 -.mm-01 ,,oun-o' -.mm-01 .wm-12 
Ca = .002106 
v = · .oum 
l---------------------------------------------------------------------------------------------------1 
1 1oor mr 1t : 10 .1s ,It .m.m.ll .12 .u , 
I ,. 1.1. COIC. 1/ O.W IIS. 'SISP. CIIL. 
a=O a=1 a=l a=3 a=t a=5 a=i 
: b .mm-o5 .mm-03 .um1-02 .mm-03 .SUOOI-G( .37UOHi .127&71-G' 
I h .190001+01 -.1391U+01 .mHE+OO -.mm-01 .saom-ol -.120801-05 .J_smz-u 
ca = .oomo 
v = .mm 
l tOOl Tm 11 : 10 ,15 ,U .115.C1Ul ,12 .10 • 
I i" liS. 1/ 4" U. COIC. 'sm. em. 
I 1=0 1=1 1=2 t=l 
1 h .mm-o! .mm-os .mm-ol . mm-o3 
1 ta .1ooooz+o1 -.ll7321+U .mm+01 -.mou+oo 
P4 P5 P' 
.mm-o3 .mm-o4 .mm-os 
.mm-o1 -.1U&31-02 .mm-o4 
ea • .001517 
1 "' .omo5 
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:-------------------------------------------------------------------------------------------------------1 
11001 TTPlll : 10 .Cll,llS.I3 .12 ,C5 ,10 • 
I 2" 1.1. COIC.-i" IIS.-4" 1.1. COIC. ITS 
I 1=0 1=1 1=2 
1 ~. .&5314!-oa .mm-u .mm-ol 
1=l 1"'4 1=S 1=i 
Ct = .001014 
I b .100001+01 -.210931+01 .150U!+01 
.mm-o3 .mm-03 .150111-04 .. mm-oi 
-.40UOI+oo .mm-01 -.mm-03 .mm-o' 1 ~ .omu 1 l-----------------------------------------------------------------------------------------------------1 
I IOOF mz U : 10 .CS ,m ,13 ,ll .C12.10 , 
I 4" 1.1. COIC.-U4" IIS.-2" 1.1. COIC. ITS 
1=0 t=1 t=2 t=3 a=4 t=5 a=i 
1 ~~ .muz-o' .mm-u . mm-o3 . mm-ol .amz-03 .mm-os .mm-o7 ca = .oomi 
I h .100001+01 -.1!2&51+01 .10l&n+01 -.175741+00 .555711-02 -.330311-04 .mm-07 & = .05U35 1-------------------------------------------------------------------------------------------------------l 
1 1001 Tm 20 : 10 .m.c1Ul ,u ,ao , 
I 1.3i" liS. 1/ I" L.l. COIC. 
I 1=0 1=1 
1 h .mm-os .zuuz-o• 
I b .100001+01 -.1!2001+01 
I~ P3 P4 P5 Pi 
.U53U-03 .102SU-G2 .U6711-03 .511111-04 .107391-05 
.mm+ol -.3ooon+oo .mou-01 -.mm-03 .mm-os 
C1 = .omn 




1 1001 m1 u : 10 ,m,m.IJ ..12 .m.1o . 
I i" 1.1. COIC.-3" IIS.-2" 1.1. COIC. ITS 
I~ I~ Pl P3 
1 h .mm-ti .mm-u . m m-o3 • mm-o3 
I h .100001+01 -.tamE+Ol .1032U+Ol -.171121+GO 
P4 P5 P6 
.1m11-03 .mm-os .mm-o1 
.mm-02 -.mm-ot .mm-o1 
C1 • .001735 
v = .mm 1-------------------------------------------------------------------------------------------------' 
1 1oor Tm 22 : 10 .m.cs ,13 .u ,m,u • 
I U7" IIS.-4" 1.1. COIC.-t" 1.1. COIC. ITS 
1=0 1=1 1=2 1=3 1=4 1=S t=i 
1 ~~ .msn-oi .mm-ol .mm-oJ .mm-oJ .uam-aJ .355501-05 .mm-oa ca = .oomt 
1 b .toooo&+Ol -.mm+o1 Jmn+ec -.1344l&+oo .li023E-02 -.113m-o4 .mm-oa 1 = .mm 
1--------------------------------------------------------------------------------------------------l 
I tOOl TTPI 23 : 10 J5 ,14 ,Cl2,11U3 ,12 .Cl2,10 , 
I 2" 1.1. COIC.-5" IIS.-2" 1.1. COIC lTS 1/ SRSP. em. 
I a=O 1=! 1=2 1=l 
l h .23%331-07 .llOlil-04 .221&31-03 .307UI-03 
I b .100001+01 -.119901+01 .113511+01 -.HS&n+OO 
1=4 1=5 I"' 
.mm-u .mm-os .mm-01 
.mm-01 -.mm-tl .sosm-oi 
ca = .ooom 




I IOOF TTPI 24 : &0 ,15 ,14 ,CS ,13 ,12 ,li ,11 ,Cl2,10 , I 
I 4' 1.1. COIC.-2' IIS.-2" 1.1. COIC. lTS 1/ SISP. CIIL. I 
t=O 1=1 a=2 1=l 1=4 1=S a=i 
1 h .2s2m-o' .mm-o4 .mm-o3 .mm-t3 .mm-o4 .mm-os .mm-oa ca = .o010eo 
1 ta .toooo&+01 -.mon+Ol .amn+oo -.Hnn+oo .mm-o2 -.mm-o4 .mm-o7 1 = .oum 
I 1001 fflllS : 10 ,15 .14 ,Cll,J13,13 .12 ,10 , 
I i' 1.1. COIC. 1/ 4' liS. 'SUSP. Cillo. 
a=O lE1 a=l •=3 
I ~~ .132611-07 .179141-04 .%09171-03 .3105!1-GJ 
I b .100001+01 -.li3451+01 .710711+00 -.lUm+OO 
P4 p§ p' 
.!01971-U .54540!-GS .575131-07 
.mm-ez -.113471-03 .mm-o' 
Ca = .000634 
u • .omu 
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1----------------------------------------------------------------------------------------------------------I 
1 1001 mz li : 10 .1s .14 .m.m,n .12 .10 • 
I i' liS. 1/ i' L.l. COIC. 'SVSP. CIIL. 
I a=O 1=1 1=2 a=3 a=4 a=S •=' 
I n .3174il-12 .151021-Gi .112311-04 .mm-o3 .mm-o3 .111321-03 .mm-04 
I b .100001+01 ·.22HU+01 .U3i9!+01 -. mm+OO .142Sli+OO -.1251U-01 .4550!!-03 
ca = .ooom 




I 1001 ffll 27 : 10 ,Cll ,115,13 ,ll ,Cl2 ,10 • 
I i' 1.1. COIC.-i' IIS.-2' 1.1. COIC. ITS 
I~ Pl Pl I~ 
1 ~~ .mm-o9 .mm-o5 .mm-o4 .mm-03 
I i1 .100001+01 -.%27111+01 .1Uli1+01 -.iOim+OO 
a=( a=5 a=t 
.m4.li-G3 .mm-u .mm-o' 
.mm-01 -.Hmz-oz .mm-o4 
ca = .ooom 
u = .omu 1--------------------------------------------------------------------------------------------------------------I 
I 1001 m& 2l : 10 ,I, .11U3 ,ll ,10 , 
I 4' fOOD 1/ 5' IIS. 
I a=O a=1 
: n .tmn-12 .mm-n 
I •• .100001+01 -.24192!+01 
a=Z a•3 a=4 a=S a=i 
.1oua-u .mm-u .mon-oJ .mm-u .1mn-o4 
.mm+ot -.mm+oo .mm+OO -.201m-o1 .uom-03 
ca = .ooom 
u = .wm 
1---------------------------------------------------------------------------------------------l 
I 100! TYPE 2! : 10 ,IS ,14 ,Cl2 .Ill ,13 .12 ,CS ,10 , 
I 2' 1.1. COIC.-(" IIS.-4" 1.1. COIC. ITS 1/ SISP. CIIL. 
•=0 •=1 •=2 •=3 
1 n .umz-o7 .mm-04 .mm-03 .mm-03 
1 .. .1oooo1+01 -.mm+o1 .mm+o1 -.mm+oo 
a=4 a=S •=• 
• 7340U-G4 .3!101!-GS .33H41-07 
.mm-01 -.mm-04 .mm-o' 
Cn = .000532 
& = .omu 1-------------------------------------------------------------------------------------------------l 
I 1001 TYPE 30 : 10 ,15 ,14 ,U ,li ,13 ,U ,10 • I 
I 4' IOOD 1/ 2' liS. ' SISP. CIIL. 
PO I~ Pl P3 
1 n .mm-u .mm-ti .mm-ot .mm-o3 
1 .. .toooo&+01 -.mm+ot .lli39I+01 -.mm+to 
•=• •=5 •• , 
.uom-o3 .smn-o4 .mm-os 
.10%951+00 -.630&01-02 .117101-03 
ca = .ooom 
I = .OU203 
1-------------------------------------------------------------------------------------------------------------l 
I 1001 TYPE 31 : 10 .m,Cl3,13 .12 ,Cl3,10 • 
I tH" IIS.-i• 1.1. COIC.·i' 1.1. COIC. ITS 
a=O a=l a=2 •=3 a=4 a=S a=i 
1 ~· .um1-10 .mm-oi .mm-o4 .mm-t3 .tmu-o3 .mm-u .mm-os c. = .ooom 
I b .100001+01 -.mUI+Gl .115731+01 -.mm+OO .1002U+OO -.mm-02 .mm-04 U a .057153 I l------------------------------------------------------------------------------------1 
I 1001 TYPI 32 : 10 ,IS ,U ,C5 ,120,13 .ll ,C13,10 , 
1 ,. u. corc.-o.w IIS.-t• 1.1. core. us 11 sm. em. 
I a=O a=1 ••2 •=3 a=4 
1 n .tum-o7 .mo5&-o4 .mm-o3 .mm-t3 .113001-0l 




Ca = .0007U 
u : .133413 
----------------------------------------------------------------------------------------
I tOOl TTPI 33 : lO ,IS ,U ,CS ,Jll.ll Jl ,CS ,10 , 
I t• 1.1. COIC.-C" IIS.-C" 1.1. COIC. ITS 1/ Sm. em. 
a=O a=1 a=l a=3 a=C a=S •=' 
1 bl .lm4H9 .mm-os .smn-o4 .mm-ol .mm-u .mm-os .mm-H ca = .toms 
1 ta .IOOOOI+01 -.2o1m+o1 .mm+o1 -.mm+oo .man-01 -.577171-03 .mm-os 1 = .mm 
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1-----------------------------------------------------------------------------------------------l 
1 toor rm 1c : 10 ,IS ,u ,Cl3 ,1%3,13 .12 ,c5 .10 , 1 
I i" 1.1. COIC.-2.(2" IIS.-4" 1.1. COIC. lTS 1/ SVSP. em. I 
I a•O a=1 1"2 1"3 a=( a=5 a=i I 
1 ~· .mm-og .mm-o5 .mm-oc .130521-03 .mm-oc . muz-o5 .mm-o' c. = .ooom 
1 •• .100001+01 -.mm+ol .1&3CSE+01 -.320m+oo .mm-01 -.3&3501-03 .mm-o5 v = .mm 
1---------------------------------------------------------------------------------------------------: 
I lOOF TTPI 35 : 10 ,CS ,!1S,I3 ,12 .Cll,lO , 
I C" 1.1. corc.-i" IIS.-i" 1.1. core. ITS 
I a=O a=1 a=l a=l a=C a=S a=i 
1 ~. .SOJm-u .31mz-o' .nmr-oc .mO!I-01 .109061-03 .320GOE-G4 .250SOH5 
I h .10000i+01 -.251231+01 .225&21+81 -.mon+oo .aom+oo -.mm-o2 .mm-ol 
ca = .ooom 
1 = .omH 1-------------------------------------------------------------------------------------------------------l 
1 toor Tm H : 10 ,m,m,u .12 .m.1o . 
l i' 1.1. COIC.-(.5C" IIS.-i" 1.1. core. ITS 
a•O a=l a=2 a=3 
1 •• .mm-11 .mm-o' .mm-oc .mm-oc 
1 u .1ooooz+o1 -.mm+ol .mm+ot -.mm+oo 
a=C a=S a=i 
.105771-03 .mm-u .mm-o5 
.mm+oo -.mm-D1 .mm-o1 
ca = .000247 
u : .057153 
1------------------------------------------------------------------------------------------------------: 
I lOOF m1 31 : 10 ,IS .U ,11S,C13.13 ,12 ,Cll,lO , 
I i' IIS.-i" 1.1. COIC.-'' 1.1. COIC. ITS 1/ SUSP. CIIL. 
•=0 1=1 •=2 •=3 
1 h .mm-1s .mm-oa .mm-os .mm-u 
I 41 .lOOnoE+Ol -.mSU+Gl .21&191+01 -.1Um+01 
•=4 •=5 •=• 
.SOUOI-OC .mm-Ot .17277H5 
.mm+oo -.mm-01 .mm-02 
Ca = .000117 
u = .omao 
1-------------------------------------------------------------------------------------------------------------l 
1 toor mE 31 : 10 ,15 ,u ,1! ,115.13 .12 .10 . 
I 4" IOOE 1/ i" IIS. 'SUSP. CIIL. 
a=O a=l •=2 
: ba -.mm-u .mm-o! .mm-o' 
I b .100001+01 -.2llm+Gl .30S061+01 
a=3 •=( •=5 l=i 
. mm-os .mm-u .305391-04 .1omHt 
-.Hmi+Ol .mm+oo -.mm-o1 .mm-02 
C1 = .000019 
1 = .mm l--------------------------------------------------------------------------------------------1 
1 toor Tm 39 : 10 ,rs .u ,m,llO,Il .12 ,Cll,lO , 
I 6" 1.1. COIC. -t. 7i" IIS. -i' 1.1. COIC. lTS 1/ SVSP. CIIL. 
a=O a=1 a=2 •=3 •=4 a=5 a=i 
1 •• .cmor-o9 .2!035!-05 .mm-u .mm-el .uom-ol .mm-et .mm-oi ca = .ooom 
1 41 .Ioooo&+Ol -.230711+01 .mm+ol -.s2om+eo .5mn-o1 -.mou-o2 .mm-os v = .130506 1 
l-------------------------------------------------------------------------------------------------------1 
I tOOl TTPI 40 : 10 ,15 ,U ,CS ,12i.l3 ,ll ,C13,10 , 
I &" 1.1. COIC.-3.U" IIS.-6" 1.1. COIC. m 1/ SISP. CIIL. 
I a=O a=l a=2 a=l a=( 
1 •• .mm-1o .mm-oi .mm-ot .mm-oc .mm-u 




C1 = .000157 
1 = .ossm 
I 1001 ffll 41 : 10 ,IS ,14 ,Cll,ai ,13 ,IZ ,C13,10 , 
I ,, 1.1. COIC.-2' liS.-'' 1.1. COIC. lTS 1/ SVSP. CIIL. 
a=O azl a=2 a=l 
1 ba .mm-10 .mm-ti .lmo&-u .mm-o4 
I b .100001+01 -.235&41+01 .lliili+Ol -.mOOitOO 
•=• •=5 az' 
.mm-04 .man-u .mm-o' 
.mm-01 -.mm-02 .mm-u 
Ca = .000163 
i : .014613 
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l-------------------------------------------------------------------------------------------------------1 
I 1001 TTPI (2 : 10 ,IS ,U ,Cll ,llUl .12 ,Cll ,10 , 
1 ,. u. co1c.-s• m.-i' 1.1. core. m '' sm. em. 
I a=O a•1 a=2 a=l 
I ~~ -.l06091-H .100921-GI .102711-05 .104411-04 
I h .lOOOO!tGl -.Hlm+01 .2i3091+Cl -.lliiSE+Ol 
P4 P5 I~ 
.21202!-04 .117201-04 .19(061-05 
.mm+oo -.mm-01 .mm-oJ 
C1 : .OOOOH 
u : .0(5833 
APPENDIX D 
TIME LAGS AND AMPLITUDE RATIOS FOR 
WALLS IN APPENDIX C 
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TIME LAGS AND AMPLITUDE RATIOS FOR THE 41 WALL TYPES 
WALL TYPE TIME LAG AMPLITUDE 
(HOURS) RATIO 
1 1.297059 .0213425 
2 3.208371 .0168219 
3 3.333828 .0497227 
4 4.757103 .0127118 
5 5.113376 .0275841 
6 5.277028 .0356658 
7 5.137740 .0167249 
8 6.212045 .0228326 
9 7.020450 .0081724 
10 7.052668 .0275132 
11 7.109008 .0136341 
12 7.246206 .0378108 
13 7.168101 .0232445 
14 7.900837 .0084973 
15 8.644959 .0143649 
16 8.910645 .0279845 
17 9.362870 .0043517 
18 9.226263 .0058248 
19 8.969641 .0070534 
20 9.271847 .0129515 
21 10.203030 .0047419 
22 10.360460 .0048573 
23 11.165227 .0039346 
24 11.294651 .0153348 
25 11.443573 .0037991 
26 10.991605 .0049443 
27 11.818500 .0021335 
28 11.395920 .0020670 
29 12.059530 .0043740 
30 12.653506 .0050486 
31 12.969825 .0026462 
32 13.053068 .0035833 
33 12.957620 .0016949 
34 12.854283 .0044867 
35 13.688992 .0013828 
36 12.822816 .0014936 
37 14.702269 .0019120 
38 14.393254 .0016366 
39 14.641625 .0013177 
40 14.382719 .0011638 
41 14.870791 .0010760 
121 
TIME LAGS AND AMPLITUDE RATIOS FOR THE 42 ROOF TYPES 
ROOF TYPE TIME LAG AMPLITUDE 
(HOURS) RATIO 
1 1.628491 .0259039 
2 2.427546 .0174351 
3 3.386045 .0582559 
4 4.848394 .0117090 
5 4.821886 .0123946 
6 4.570005 .0737886 
7 4.998372 .0256418 
8 5.452969 .0662212 
9 6.319966 .0114098 
10 7.142617 .0168556 
11 7.388400 .0065447 
12 7.081713 .0533545 
13 6.731912 .0127384 
14 7.058720 .0048714 
15 7.161502 .0048207 
16 7.542935 .0070162 
17 8.225434 .0060944 
18 9.210828 .0062001 
19 8.417201 .0073185 
20 8.927517 .0085651 
21 8.929730 .0072724 
22 8.990119 .0086159 
23 9.260696 .0025939 
24 8.842534 .0032684 
25 8.770795 .0016374 
26 10.435242 .0034549 
27 10.475146 .0035591 
28 11.182021 .0028337 
29 10.573895 .0028807 
30 11.218857 .0028629 
31 11.266128 .0023516 
32 11.312823 .0045363 
33 11.471482 .0014851 
34 11.625296 .0015699 
35 12.286617 .0026749 
36 12.667027 .0024031 
37 13.020689 .0014581 
38 13.334339 .0010054 
39 12.232056 .0029551 
40 12.677077 .0011344 
41 12.845526 .00l3011 
42 14.172897 .0005310 
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WALL CODE LAYER DESCRIPTIONS (SEE TABLE VII) 
EO ,El ,B16,C9 ,A2 ,AO EO ,E1 ,819 ,C9 ,A2 ,AO 
EO ,E1 ,B21,C9 ,A2 ,AO EO ,E1 ,B22,C9 ,A2 ,AO 
EO ,E1 ,B24,C9 ,A2 ,AO EO ,E1 ,85 ,B27,C9 ,A2 ,AO 
EO ,A6 ,B16,C9 ,AO EO ,A6 ,B17,C9 ,AO 
EO ,A6 ,B18,C9 ,AO EO ,A6 ,B20,C9 ,AO 
EO ,AS ,85 ,C9 ,AO EO ,A6 ,B21,C9 ,AO 
EO ,A6 ,B22,C9 ,AO EO ,A6 ,86 ,C9 ,AO 
EO ,A6 ,B24,C9 ,AO EO ,A6 ,B25,C9 ,AO 
EO ,A6 ,B13,C9 ,AO EO ,A6 ,B14,C9 ,AO 
EO ,A6 ,B15,C9 ,AO EO ,E1 ,B16,C9 ,A1 ,AO 
EO ,E1 ,B18,C9 ,A1 ,AO EO ,E1 ,B19,C9 ,A1 ,AO 
EO ,E1 ,B21,C9 ,A1 ,AO EO ,E1 ,B22,C9 ,A1 ,AO 
EO ,E1 ,B24,C9 ,A1 ,AO EO ,C9 ,B16,A2 ,AO 
EO ,C9 , 819 ,A2 ·,AO EO ,C9 ,B21,A2 ,AO 
EO ,C9 ,B22,A2 ,AO EO ,C9 ,B24,A2 ,AO 
EO ,C9 ,85 ,B27,A2 ,AO EO ,A6 ,C9 ,AO 
EO ,E1 ,C9 ,AO EO ,A2 ,C9 ,B16,A6 ,AO 
EO ,A2 ,C9 ,B17,A6 ,AO EO ,A2 ,C9 ,B19,A6 ,AO 
EO ,A2 ,C9 ,B20,A6 ,AO EO ,A2 ,C9 ,B21,A6 ,AO 
EO ,A2 ,C9 ,B22,A6 ,AO EO ,A2 ,C9 ,B24,A6 ,AO 
EO ,A2 ,C9 ,B25,A6 ,AO EO ,A2 ,C9 ,B13,A6 ,AO 
EO ,A2 ,C9 ,827 ,A6 ,AO EO ,A2 ,C9 ,85 ,827 ,A6 ,AO 
EO ,A2 ,C9 ,B15,A6 ,AO EO ,C9 ,B16,A6 ,AO 
EO ,C9 ,B17,A6 ,AO EO ,C9 ,B18,A6 ,AO 
EO ,C9 ,820,16 ,AO EO ,C9 ,85 ,16 ,AO 
EO ,C9 ,B21,A6 ,10 EO ,C9 ,822,16 ,10 
EO ,C9 ,86 ,16 ,AO EO ,C9 ,B24,A6 ,AO 
EO ,C9 ,824,16 ,AO EO ,C9 ,B13,A6 ,AO 
EO ,C9 ,B14,A6 ,10 EO ,C9 ,815,16 ,10 
EO ,C9 ,B16,A1 ,AO EO ,C9 ,818,11 ,AO 
EO ,C9 ,B20,A1 ,10 EO ,C9 ,821,11 ,AO 
EO ,C9 ,B22,A1 ,AO EO ,E1 ,B16,C5 ,12 ,AO 
EO ,E1 ,B17,C5 ,A2 ,10 ·EO ,E1 ,B18,C5 ,12 ,AO 
EO ,E1 ,B19,C5 ,12 ,AO EO ,E1 ,B20,C5 ,12 ,10 
EO ,E1 ,85 ,C5 ,12 ,AO EO .,E1 ,B21,C5 ,12 ,AO 
EO ,E1 ,B22,C5 ,A2 ,10 10 ,E1 ,86 ,C5 ,A2 ,AO 
EO ,E1 ,B23,C5 ,A2 ,AO EO ,E1 ,B12,C5 ,A2 ,AO 
EO ,E1 ,B26,C5 ,A2 ,AO EO ,11 ,827 ,C5 ,A2 ,AO 
EO ,E1 ,B14,C5 ,12 ,10 EO ,E1 ,B15,C5 ,12 ,10 
EO ,A6 ,B17,C5 ,10 EO ,A6 ,B18,C5 ,AO 
EO ,A6 ,B19,C5 ,AO EO ,A6 ,B20,C5 ,10 
EO ,16 ,B21,C5 ,AO EO ,16 ,B22,C5 ,AO 
EO ,A6 ,B23,C5 ,10 EO ,A6 ,B27,C5 ,AO 
EO ,E1 ,B16,C5 ,11 ,10 EO ,E1 ,B18,C5 ,A1 ,10 
EO ,E1 ,B19,C5 ,A1 ,AO EO ,E1 ,B20,C5 ,11 ,AO 
EO ,E1 ,B21,C5 ,A1 ,AO EO ,E1 ,B22,C5 ,11 ,AO 
EO ,E1 ,B23,C5 ,11 ,10 EO ,E1 ,827 ,C5 ,11 ,AO 
EO ,C5 ,816,12 ,AO 10 ,C5 ,818,12 ,10 
EO ,C5 ,B19,A2 ,AO EO ,C5 ,820,12 ,AO 
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EO ,cs ,821,12 ,10 EO ,cs ,822,12 ,10 
EO ,cs ,823,12 ,10 EO ,CS ,826,12 ,10 
EO ,16 ,CS ,10 EO ,12 ,CS ,816,16 ,10 
EO ,12 ,cs ,817,16 ,10 EO ,12 ,CS ,818,16 ,10 
EO ,12 ,CS ,819,16 ,10 EO ,12 ,CS ,820,16 ,10 
EO ,12 ,CS ,85 ,16 ,10 EO ,12 ,CS ,821,16 ,10 
EO ,12 ,CS ,822,16 ,10 EO ,12 ,C5 ,86 ,16 ,10 
EO ,12 ,C5 ,823,16 ,10 EO ,12 ,CS ,812,16 ,10 
EO ,12 ,C5 ,826,16 ,10 EO ,12 ,C5 ,827,16 ,10 
EO ,12 ,CS ,814,16 ,10 EO ,12 ,C5 ,815,16 ,10 
EO ,CS ,817,16 ,10 EO ,C5 ,818,16 ,10 
EO ,C5 ,819,16 ,10 EO ,C5 ,820,16 ,10 
EO ,CS ,821,16 ,10 EO ,CS ,822,16 ,10 
EO ,C5 ,824,16 ,10 EO ,C5 ,827,16 ,10 
EO ,E1 ,CS ,816,11 ,10 EO ,E1 ,CS ,818,11 ,10 
EO ,E1 ,C5 ,819,11 ,10 EO ,E1 ,C5 ,820,11 ,10 
EO ,E1 ,CS ,821,11 ,10 EO ,E1 ,CS ,822,11 ,10 
EO ,E1 ,C5 ,823,11 ,10 EO ,E1 ,C5 ,827,11 ,10 
EO ,El ,816,C7 ,12 ,10 EO ,E1 ,818,C7 ,12 ,10 
EO ,El ,820,C7 ,12 ,10 EO ,E1 ,85 ,C7 ,12 ,10 
EO ,E1 ,821,C7 ,12 ,10 EO ,E1 ,86 ,C7 ,12 ,10 
EO ,E1 ,823,C7 ,12 ,10 EO ,E1 ,825,C7 ,12 ,10 
EO ,E1 ,813,C7 ,12 ,10 EO ,El ,827,C7 ,12 ,10 
EO ,El ,814,C7 ,12 ,10 EO ,El ,815,C7 ,12 ,10 
EO ,16 ,816 ,C7 ,10 EO ,16 ,B17,C7 ,10 
EO ,16 ,819,C7 ,10 EO ,16 ,820,C7 ,10 
EO ,A6 ,821,C7 ,10 EO ,16 ,822,C7 ,AO 
EO ,16 ,86 ,C7 ,AO EO ,A6 ,824,C7 ,AO 
EO ,A6 ,825,C7 ,10 EO ,16 ,813,C7 ,AO 
EO ,16 ,827 ,C7 ,AO EO ,A6 ,814,819,C7 ,AO 
EO ,16 ,815,C7 ,10 EO ,E1 ,B16,C7 ,11 ,10 
EO ,El ,818,C7 ,11 ,10 EO ,El ,820,C7 ,11 ,10 
EO ,El ,822,C7 ,11 ,10 EO ,El ,824,C7 ,11 ,10 
EO ,E1 ,814,C7 ,11 ,10 EO ,C7 ,12 ,10 
EO ,C7 ,818,12 ,10 EO ,C7 ,820,12 ,10 
EO ,C7 ,821,12 ,10 EO ,C7 ,823,12 ,10 
10 ,C7 ,827,12 ,10 EO ,16 ,C7 ,10 
EO ,12 ,C7 ,816,16 ,10 EO ,12 ,C7 ,818,16 ,10 
EO ,12 ,C7 ,820,16 ,10 EO ,12 ,C7 ,85 ,16 ,10 
EO ,12 ,C7 ,821,16 ,10 EO ,12 ,C7 ,86 ,16 ,10 
EO ,12 ,C7 ,823,16 ,10 EO ,12 ,C7 ,812,16 ,10 
EO ,12 ,C7 ,826,16 ,10 EO ,12 ,C7 ,827,16 ,10 
EO ,12 ,C7 ,814,16 ,10 EO ,12 ,C7 ,815,16 ,10 
EO ,C7 ,816,16 ,10 EO ,C7 ,817,16 ,10 
EO ,C7 ,819,16 ,10 EO ,C7 ,820,16 ,10 
EO ,C7 ,85 ,16 ,10 EO ,C7 ,822,16 ,10 
EO ,C7 ,86 ,16 ,10 EO ,C7 ,824,16 ,10 
EO ,C7 ,825,16 ,10 EO ,C7 ,813,16 ,10 
EO ,C7 ,827,16 ,10 EO ,C7 ,813,16 ,10 
EO ,C7 ,815,16 ,10 EO ,E1 ,C7 ,816,11 ,10 
EO ,El ,C7 ,818,11 ,10 EO ,E1 ,C7 ,820,11 ,10 
EO ,E1 ,C7 ,822,11 ,10 EO ,E1 ,C7 ,823,11 ,10 
EO ,E1 ,C7 ,814,11 ,10 EO ,El ,818,C6 ,12 ,10 
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EO ,El ,820,C6 ,A2 ,AO EO ,El ,82l,C6 ,A2 ,AO 
EO ,El ,823,C6 ,A2 ,AO EO ,E1 ,827,C6 ,A2 ,AO 
EO ,A6 ,816,C6 ,AO EO ,A6 ,817,C6 ,AO 
EO ,A6 ,819,C6 ,AO EO ,A6 ,820,C6 ,AO 
EO ,A6 ,821,C6 ,AO EO ,A6 ,822,C6 ,AO 
EO ,A6 ,86 ,C6 ,AO EO ,A6 ,824,C6 ,AO 
EO ,A6 ,825,C6 ,AO EO ,A6 ,813,C6 ,AO 
EO ,A6 ,827,C6 ,AO EO ,A6 ,814,819,C6 ,10 
EO ,A6 ,815,C6 ,AO EO ,E1 ,816,C6 ,11 ,10 
EO ,E1 ,818,C6 ,A1 ,AO EO ,E1 ,820,C6 ,A1 ,AO 
EO ,E1 ,822,C6 ,A1 ,AO EO ,E1 ,824,C6 ,Al ,AO 
EO ,El ,814,C6 ,A1 ,10 EO ,C6 ,A2 ,AO 
EO ,C6 ,818,12 ,AO EO ,C6 ,820,A2 ,AO 
EO ,C6 ,821,A2 ,10 EO ,C6 ,823,A2 ,AO 
EO ,C6 ,827,12 ,AO EO ,A6 ,C6 ,10 
EO ,12 ,C6 ,816,A6 ,AO EO ,A2 ,C6 ,818,A6 ,AO 
EO ,12 ,C6 ,820,A6 ,10 EO ,A2 ,C6 ,82l,A6 ,AO 
EO ,A2 ,C6 ,85 ,A6 ,AO EO ,A2 ,C6 ,86 ,A6 ,AO 
EO ,12 ,C6 ,823,16 ,AO EO ,12 ,C6 ,812,A6 ,AO 
EO ,A2 ,C6 ,826,A6 ,AO EO ,A2 ,C6 ,827,A6 ,AO 
EO ,A2 ,C6 ,814,A6 ,AO EO ,A2 ,C6 ,815,A6 ,AO 
EO ,C6 ,816,16 ,AO EO ,C6 ,817 ,A6 ,AO 
EO ,C6 ,819,16 ,AO EO ,C6 ,820,A6 ,AO 
EO ,C6 ,85 ,A6 ,AO EO ,C6 ,822,A6 ,AO 
EO ,C6 ,86 ,A6 ,AO EO ,C6 ,824,A6 ,AO 
EO ,C6 ,825,A6 ,AO EO ,C6 ,813,A6 ,AO 
EO ,C6 ,827,A6 ,AO EO ,C6 ,813,821,16 ,AO 
EO ,C5 ,815,A6 ,AO EO ,E1 ,C6 ,816,Al ,AO 
EO ,E1 ,C6 ,817,11 ,AO EO ,El ,C6 ,818,A1 ,AO 
EO ,El ,C6 ,820,A1 ,AO EO ,E1 ,C6 ,85 ,A1 ,AO 
EO ,E1 ,C6 ,822,A1 ,AO EO ,El ,C6 ,823 ,A1 ,AO 
EO ,E1 ,C6 ,812,A1 ,AO EO ,E1 ,C6 ,813,Al ,AO 
EO ,E1 ,C6 ,827,11 ,AO EO ,E1 ,C6 ,814,A1 ,AO 
EO ,E1 ,C6 ,815,A1 ,AO EO ,El ,816,C8 ,A2 ,AO 
EO ,El ,817,C8 ,12 ,AO EO ,El ,818 ,CS ,A2 ,AO 
EO ,El ,820,C8 ,A2 ,AO EO ,E1 ,85 ,CS ,A2 ,AO 
EO ,E1 ,821,C8 ,A2 ,10 EO ,E1 ,822,C8 ,12 ,AO 
EO ,El ,86 ,CS ,A2 ,AO EO ,El ,824,C8 ,A2 ,10 
EO ,El ,825,C8 ,A2 ,AO EO ,El ,813,C8 ,12 ,AO 
EO ,El ,814,C8 ,12 ,AO EO ,El ,815,C8 ,12 ,10 
EO ,A6 ,8i8,C8 ,AO EO ,A6 ,817,C8 ,AO 
EO ,A6 ,818,C8 ,10 EO ,A6 ,819,C8 ,AO 
EO ,A6 ,820,C8 ,AO EO ,A6 ,85 ,CS ,AO 
EO ,A6 ,821 ,C8 ,AO EO ,16 ,822,C8 ,AO 
EO ,16 ,823,C8 ,10 EO ,A6 ,812,C8 ,AO 
EO ,A6 ,826,C8 ,10 EO ,16 ,827 ,C8 ,AO 
EO ,A6 ,814,C8 ,10 EO ,A6 ,815,C8 ,AO 
EO ,1:1 ,816,C8 ,Al ,AO EO ,El ,818,C8 ,Al ,10 
EO ,1:1 ,819,C8 ,11 ,AO EO ,El ,820,C8 ,11 ,10 
EO ,E1 ,821,C8 ,A1 ,AO EO ,E1 ,822,C8 ,A1 ,AO 
EO ,El ,826,C8 ,A1 ,AO EO ,C8 ,816,A2 ,AO 
EO ,C8 ,819,A2 ,AO EO ,C8 ,820,12 ,10 
EO ,C8 ,821,12 ,10 EO ,C8 ,B22,A2 ,AO 
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EO ,C8 ,826,A2 ,AO EO ,A6 ,C8 ,AO 
EO ,A2 ,C8 ,816 ,A6 ,AO EO ,A2 ,C8 ,817,A6 ,AO 
EO ,A2 ,C8 ,818,A6 ,AO EO ,A2 ,C8 ,820,A6 ,AO 
EO ,A2 ,C8 ,85 ,A6 ,AO EO ,A2 ,C8 ,821,A6 ,AO 
EO ,A2 ,C8 ,822,A6 ,AO EO ,A2 ,C8 , 86 , A6 ,AO 
EO ,A2 ,C8 ,824,A6 ,AO EO ,A2 ,cs ,825,A6 ,AO 
EO ,A2 ,C8 ,813,!6 ,AO EO ,A2 ,C8 ,814,A6 ,AO 
EO ,A2 ,C8 ,815,A6 ,AO EO ,C8 ,816,A6 ,AO 
EO ,C8 ,817,A6 ,AO EO ,C8 ,818,A6 ,AO 
EO ,C8 ,819,A6 ,AO EO ,C8 ,820,A6 ,AO 
EO ,C8 ,85 ,A6 ,AO EO ,C8 ,821,A6 ,AO 
EO ,C8 ,822,A6 ,AO EO ,C8 ,823,A6 ,AO 
EO ,C8 ,812 ,A6 ,AO EO ,C8 ,826,A6 ,AO 
EO ,C8 ,827 ,A6 ,AO EO ,C8 ,814,A6 ,AO 
EO ,C8 ,815,A6 ,AO EO ,E1 ,C8 ,816,Al ,AO 
EO ,El ,C8 ,818,A1 ,AO ·EO ,El ,C8 ,819,11 ,AO 
EO ,El ,CS ,820,A1 ,AO EO ,El ,C8 ,821 ,A1 ,AO 
EO ,E1 ,CS ,822,A1 ,AO EO ,El ,CS ,812,Al ,AO 
EO ,E1 ,C8 ,815,Al ,AO EO ,El ,817 ,C1 ,A2 
EO ,E1 ,819,C1 ,A2 EO ,El ,820,C4 ,AO 
EO ,E1 ,821,C4 ,AO EO ,El ,822,C4 ,AO 
EO ,E1 ,823,C4 ,AO EO ,El ,826,C4 ,AO 
EO ,C4 ,816,A2 ,AO EO ,C4 ,818,A2 ,AO 
EO ,C4 ,819,C4 ,AO EO ,C4 ,821,A2 ,AO 
EO ,C4 ,820,816,!0 EO ,C4 ,86 ,A2 ,AO 
EO ,C2 ,826,A2 ,AO EO ,A6 ,C4 ,AO 
EO ,El ,C4 ,C4 ,AO EO ,A2 ,C4 ,816,A6 ,AO 
EO ,A2 ,C4 ,817,A6 ,AO EO ,A2 ,C4 ,818,A6 ,AO 
EO ,A2 ,C4 ,819,A6 ,AO EO ,A2 ,C4 ,820,A6 ,AO 
EO ,A2 ,C4 ,85 ,A6 ,AO EO ,A2 ,C4 ,82l,A6 ,AO 
10 ,A2 ,C4 ,822,!6 ,AO EO ,A2 ,C4 ,823 ,A6 ,AO 
EO ,A2 ,C4 ,824,A6 ,AO EO ,A2 ,C4 ,825,A6 ,AO 
EO ,A2 ,C4 ,813,!6 ,AO EO ,A2 ,C4 ,814,A6 ,AO 
EO ,A2 ,C4 ,815,A6 ,AO EO ,C4 ,816,A6 ,AO 
EO ,C4 ,817,16 ,AO EO ,C4 ,818,A6 ,AO 
EO ,C4 ,819,A6 ,AO EO ,C4 ,820,A6 ,AO 
EO ,C4 ,85 ,A6 ,AO EO ,C4 ,821,A6 ,AO 
EO ,C4 ,822,A6 ,AO EO ,C4 ,86 ,A6 ,AO 
EO ,C4 ,823,!6 ,AO EO ,C4 ,812,A6 ,AO 
EO ,C4 ,826,A6 ,AO EO ,C4 ,827,A6 ,AO 
EO ,C4 ,814,A6 ,AO EO ,C4 ,815,A6 ,AO 
EO ,El ,C4 ,816,A1 ,AO EO ,El ,C4 ,818,Al ,AO 
EO ,El ,C4 ,819,Al ,AO EO ,E1 ,C4 ,820,818,!1 ,AO 
EO ,El ,C4 ,822,A1 ,AO EO ,El ,C4 ,823 ,Al ,AO 
EO ,El ,C4 ,826,Al ,AO EO ,El ,817,C2 ,AO 
EO ,E1 ,819 ,C2 ,AO EO ,El ,821,C2 ,AO 
EO ,E1 ,822,C2 ,AO EO ,El ,824,C2 ,AO 
EO ,El ,814,819,!0 EO ,A6 ,816,C2 ,AO 
EO ,A6 ,817,C2 ,AO EO ,A6 ,818,C2 ,AO 
EO ,A6 ,820,C2 ,AO EO ,A6 ,85 ,C2 ,AO 
10 ,A6 ,821,C2 ,AO EO ,A6 ,822,C2 ,AO 
EO ,A6 ,86 ,C2 ,AO EO ,A6 ,824,C2 ,AO 
EO ,A6 ,825,C2 ,AO EO ,A6 ,813,C2 ,AO 
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EO ,16 ,C1 ,85 ,10 EO ,16 ,C1 ,821,10 
EO ,16 ,Cl ,822,10 EO ,16 ,C1 ,823,10 
·EO ,16 ,C1 ,812,10 EO ,16 ,Cl ,826,10 
EO ,16 ,C1 ,827,10 EO ,16 ,C1 ,814,10 
EO ,16 ,Cl ,815,10 EO ,E1 ,816 ,C3 ,10 
EO ,!1 ,817 ,C3 ,10 EO ,E1 ,818,C3 ,10 
EO ,!1 ,819,C3 ,10 EO ,El ,820,C3 ,10 
EO ,E1 ,85 ,C3 ,10 EO ,El ,8.21,C3 ,10 
EO ,E1 ,82.2,C3 ,10 EO ,El ,823,C3 ,10 
EO ,El ,812,C3 ,10 EO ,El ,826,C3 ,10 
EO ,El ,827,C3 ,10 EO ,E1 ,814,C3 ,AO 
EO ,E1 ,815,C3 ,10 EO ,16 ,816,C3 ,10 
EO ,16 ,817 ,C3 ,10 EO ,A6 ,818,C3 ,10 
EO ,16 ,819,C3 ,10 EO ,16 ,820,C3 ,10 
EO ,16 , 85 ,C3 ,10 EO ,16 ,821,C3 ,10 
EO ,16 ,822,C3 ,10 EO ,16 ,86 ,C3 ,10 
EO ,16 ,823 ,C3 ,10 EO ,16 ,812,C3 ,AO 
EO ,16 ,826,C3 ,10 EO ,16 ,827,C3 ,10 
EO ,16 ,814,C3 ,10 EO ,16 ,815,C3 ,10 
EO ,El ,816,C3 ,10 EO ,El ,818,C3 ,AO 
EO ,E1 ,819,C3 ,10 EO ,E1 ,820,C3 ,10 
EO ,El ,8.2l,C3 ,10 EO ,E1 ,822,C3 ,10 
EO ,E1 ,8.23,C3 ,10 EO ,E1 ,826,C3 ,10 
EO ,C3 ,816,12 ,10 EO ,C3 ,818,1.2 ,10 
EO ,CJ ,819,12 ,10 EO ,C3 ,85 ,12 ,10 
EO ,C3 ,821,12 ,10 EO ,C3 ,823,12 ,10 
EO ,C3 ,826,12 ,10 EO ,16 ,C3 ,10 
EO ,E1 ,C3 ,12 ,10 EO ,CJ ,12 ,816,10 
EO ,C3 ,12 ,817,10 EO ,C3 ,12 ,818,10 
EO ,C3 ,12 ,819,10 EO ,C3 ,12 ,8.20,10 
EO ,CJ ,12 ,85 ,10 EO ,C3 ,12 ,821,10 
EO ,C3 ,12 ,822,10 EO ,C3 ,12 ,823,10 
EO ,C3 ,A2 ,812,10 EO ,C3 ,A2 ,816,10 
EO ,C3 ,A.2 ,813,10 EO ,C3 ,12 ,814,10 
EO ,C3 ,A2 ,815,10 EO ,C3 ,816,16 ,10 
EO ,C3 ,817,16 ,10 EO ,C3 ,818,16 ,10 
EO ,C3 ,819,16 ,10 EO ,C3 ,820,16 ,10 
EO ,C3 ,85 ,16 ,10 EO ,CJ ,821,16 ,10 
EO ,C3 ,822,16 ,AO EO ,C3 ,86 ,16 ,10 
EO ,C3 ,823,16 ,AO EO ,C3 ,812,16 ,10 
EO ,C3 ,826,16 ,10 EO ,C3 ,827,16 ,10 
EO ,C3 ,814,16 ,10 EO ,C3 ,815,16 ,10 
EO ,E1 ,C3 ,816,10 EO ,E1 ,C3 ,817,10 
EO ,El ,C3 ,818,10 EO ,El ,C3 ,820,10 
EO ,E1 ,C3 ,82.2,10 EO ,El ,C3 ,823,10 
EO ,E1 ,C3 ,826,10 EO ,E1 ,816,C4 ,10 
EO ,El ,818,C4 ,10 EO ,El ,819,C4 ,10 
EO ,E1 ,820,C4 ,10 EO ,E1 ,8.21,C4 ,10 
EO ,E1 ,822,C4 ,10 EO ,E1 ,826,C4 ,10 
EO ,16 ,816,10 EO ,16 ,817,C4 ,10 
EO ,16 ,818,C4 ,10 EO ,16 ,819,C4 ,10 
EO ,16 ,820,C4 ,10 EO ,16 ,85 ,C4 ,10 
EO ,16 ,8.21,C4 ,10 EO ,16 ,82.2,C4 ,10 
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EO ,A6 , 86 I C4 ,AO EO ,A6 ,823,C4 ,AO 
EO ,A6 ,812,C4 ,AO EO ,A6 ,826,C4 ,AO 
EO ,A6 ,827,C4 ,AO EO ,A6 ,814,C4 ,AO 
EO ,A6 ,B15,C4 ,AO EO ,El ,816,C4 ,AO 
EO ,El ,817,C4 ,AO EO ,El ,819,C4 ,AO 
EO ,El ,C9 ,82 ,A2 ,AO EO ,El , C9 , 85 ,A2 ,AO 
EO ,11 ,C9 ,86 ,A2 ,AO EO .,El , C9 , 81 ,Al ,AO 
EO ,El ,C9 ,82 ,Al ,AO EO ,El ,C9 ,85 ,Al ,AO 
EO ,El , C9 ,86 ,Al ,AO EO ,El , C6 , 82 ,A2 ,AO 
EO ,El , C6 ,85 ,A2 ,AO EO ,El ,C6 ,86 ,A2 ,AO 
EO ,El ,C4 ,82 ,A2 ,AO EO ,El ,C4 ,85 ,A2 ,AO 
EO ,El ,C4 ,86 ,A2 ,AO EO ,El , 83 , C9 ,A2 ,AO 
EO ,El , 85 , C9 ,A2 ,AO EO ,El ,86 ,C9 ,A2 ,AO 
EO ,El , 83 , C6 ,A2 ,AO EO ,El ,85 ,C6 ,A2 ,AO 
EO ,El ,86 ,C6 ,A2 ,AO EO ,A2 ,82 ,A2 ,AO 
EO ,A2 ,83 ,A2 ,AO EO ,A2 , 85 ,A2 ,AO 
EO ,A2 ,86 ,A2 ,AO EO ,A6 ,Bl ,A2 ,AO 
EO ,A6 ,82 ,A2 ,AO EO ,A6 ,83 ,A2 ,AO 
EO ,A6 ,85 ,A2 ,AO EO ,E1 , 83 , C6 ,A1 ,AO 
EO ,E1 , 85 , C6 ,A1 ,AO EO ,E1 ,86 ,C6 ,A1 ,AO 
EO ,El , 83 , C4 ,A2 ,AO EO ,El ,85 ,C4 ,A2 ,AO 
EO ,El ,86 ,C4 ,A2 ,AO EO ,E1 ,C4 ,81 ,Al ,AO 
EO ,El ,C4 ,82 ,Al ,AO EO ,El ,C4 ,83 ,Al ,AO 
EO ,El ,C4 ,85 ,A1 ,AO EO ,11 ,C4 ,86 ,A1 ,AO 
EO ,11 ,81 ,C4 ,A1 ,AO EO ,E1 ,82 ,C4 ,A1 ,AO 
EO ,E1 ,83 ,C4 ,A1 ,AO EO ,E1 ,B5 ,C4 ,A1 ,AO 
EO ,E1 ,86 ,C4 ,A1 ,AO EO ,E1 ,83 ,C1 ,A2 ,AO 
EO ,El ,B5 ,C1 ,A2 ,AO EO ,E1 , 86 , Cl ,A2 ,AO 
EO ,El ,83 ,C1 ,Al ,AO EO ,E1 , 85 , C1 ,Al ,AO 
10 ,El ,86 ,C1 ,A1 ,AO EO ,El , C1 , 81 ,Al ,AO 
EO ,E1 ,C1 ,82 ,A1 ,AO EO ,E1 ,C1 ,85 ,A1 ,AO 
EO ,11 ,816,ClO,A2 ,AO EO ,E1 ,817,C10,A2 ,AO 
EO ,E1 ,B18,Cl0,A2 ,AO EO ,El ,819,C10,A2 ,AO 
EO ,El ,820,C10,A2 ,AO EO ,El ,85 ,C10,A2 ,AO 
EO ,E1 ,B21,C10,A2 ,AO EO ,El ,86 ,C10,A2 ,AO 
EO ,El ,823,C10,A2 ,AO EO ,E1 ,B12,Cl0,A2 ,AO 
EO ,E1 ,826,ClO,A2 ,AO EO ,E1 ,827,C10,A2 ,AO 
EO ,11 ,814,C10,A2 ,AO EO ,El ,815,C10,A2 ,AO 
EO ,A6 ,816,C10,AO EO ,A6 ,818,C10,AO 
EO ,A6 ,819,C10,AO EO ,A6 ,B20,ClO,AO 
EO ,A6 ,821,C10,AO EO ,A6 ,822,Cl0,AO 
EO ,A6 ,B23,C10,AO EO ,A6 ,826,ClO,AO 
EO ,El ,816,C10,AO EO ,El ,817,C10,AO 
EO ,11 ,B18,C10,AO EO ,E1 ,819,C10,AO 
EO ,E1 ,820,C10,AO EO ,E1 ,821,Cl0,AO 
EO ,E1 ,B22,C10,AO EO ,E1 ,823,Cl0,AO 
EO ,E1 ,826,C10,AO EO ,Cl0,816,A2 ,AO 
EO ,C10,818,A2 ,AO EO ,C10,820,A2 ,AO 
EO ,C10,B5 ,A2 ,AO EO ,C10,823,A2 ,AO 
EO ,C10,B26,A2 ,AO EO ,A6 ,C10,AO 
EO ,E1 ,C10,A1 ,AO EO ,A2 ,C10,B16,A6 ,AO 
EO ,A2 ,C10,817,A6 ,AO EO ,A2 ,C10,818,A6 ,AO 
EO ,A2 ,C10,B18,A6 ,AO EO ,A2 ,C10,820,A6 ,AO 
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EO ,A2 ,Cl0,85 ,A6 ,AO EO ,12 ,Cl0,B21,A6 ,AO 
EO ,12 ,Cl0,B23,16 ,10 EO ,A2 ,Cl0,826,A6 ,AO 
EO ,12 ,Cl0,826,16 ,10 EO ,12 ,Cl0,821,16 ,10 
EO ,A2 ,Cl0,814,A6 ,AO EO ,A2 ,Cl0,815,A6 ,10 
EO ,Cl0,816,A6 ,AO EO ,Cl0,817,A6 ,10 
EO ,Cl0,818,A6 ,AO EO ,Cl0,819,A6 ,AO 
EO ,Cl0,820,A6 ,AO EO ,Cl0,85 ,A6 ,AO 
EO ,Cl0,82l,A6 ,AO EO ,Cl0,B22,16 ,10 
EO ,Cl0,823,A6 ,AO EO ,C10,B12,A6 ,AO 
EO ,Cl0,826,16 ,AO EO ,Cl0,827,16 ,AO 
EO ,C10,814,A6 ,AO EO ,C10,815,A6 ,10 
EO ,Cl0,Bl6,A1 ,10 EO ,Cl0,818,11 ,AO 
EO ,Cl0,819,11 ,10 EO ,Cl0,820,Al ,AO 
EO ,Cl0,821,11 ,AO EO ,C10,822,A1 ,10 
EO ,C10,B23,A1 ,AO EO ,C10,826,A1 ,AO 
EO ,E1 ,816,Cl1,12 ,10 EO ,11 ,817,C11,12 ,AO 
EO ,El ,818,Cl1,12 ,AO EO ,El ,820,Cl1,12 ,10 
EO ,E1 ,85 ,Cll,A2 ,10 EO ,El ,821,C11,12 ,AO 
EO ,E1 ,822,Cl1,12 ,10 EO ,E1 ,823,C11,A2 ,AO 
EO ,E1 ,824,Cl1,12 ,10 EO ,E1 ,825,Cl1,12 ,10 
EO ,E1 ,813,Cl1,12 ,10 EO ,El ,814,Cll,A2 ,10 
EO ,E1 ,B15,Cll,A2 ,10 EO ,A6 ,816,Cll,AO 
EO ,16 ,818,Cll,AO EO ,A6 ,B19,C11,10 
EO ,16 ,85 ,Cl1,10 EO ,16 ,821,Cll,AO 
EO ,A6 ,823,Cll,AO EO ,A6 ,826,Cl1,10 
EO ,E1 ,816,Cl1,11 ,10 EO ,E1 ,818,Cl1,11 ,10 
EO ,E1 ,B19,C11,11 ,10 EO ,E1 ,820,Cl1,11 ,AO 
EO ,El ,821,Cl1,11 ,AO EO ,E1 ,822,Cl1,11 ,10 
EO ,E1 ,825,Cll,A1 ,10 EO ,El ,813,Cll,A1 ,10 
EO ,E1 ,814,Cl1,11 ,10 EO ,E1 ,815,Cll,A1 ,10 
EO ,C11,A2 ,10 EO ,Cl1,818,A2 ,10 
EO ,C11,819,A2 ,AO EO ,Cl1,820,A2 ,10 
EO ,Cl1,821,A2 ,AO EO ,C11,822,12 ,10 
EO ,Cl1,826,12 ,AO EO ,16 ,Cll,AO 
EO ,12 ,C11,816,16 ,10 EO ,12 ,Cl1,817,A6 ,10 
EO ,12 ,C11,818,A6 ,AO EO ,12 ,Cl1,820,A6 ,AO 
EO ,12 ,Cl1,85 ,16 ,10 EO ,12 ,Cl1,821,16 ,AO 
EO ,12 ,Cl1,824,A6 ,AO EO ,12 ,Cll,822,16 ,AO 
EO ,A2 ,Cl1,825,16 ,10 EO ,A2 ,Cl1,813,16 ,AO 
EO ,12 ,Cl1,814,16 ,10 EO ,12 ,C11,815,A6 ,AO 
EO ,C11,816,16 ,10 EO ,C11,818,16 ,10 
EO ,C11,819,16 ,10 EO ,Cl1,85 ,16 ,AO 
EO ,Cl1,821,A6 ,AO EO ,C11,823,16 ,AO 
EO ,Cl1,826,16 ,10 EO ,C11,816,11 ,10 
EO ,Cl1,818,11 ,AO EO ,Cl1,819,A1 ,AO 
EO ,El ,C11,820,11 ,10 EO ,C11,821,11 ,10 
EO ,C11,86 ,11 ,10 EO ,Cll,826,11 ,AO 
EO ,E1 ,816,C12,12 ,10 EO ,E1 ,817,C12,12 ,AO 
EO ,El ,818,C12,A2 ,AO EO ,E1 ,819,C12,A2 ,10 
EO ,El ,820,C12,A2 ,AO EO ,E1 ,85 ,C12,12 ,AO 
EO ,11 ,821,C12,12 ,10 EO ,11 ,822,C12,A2 ,AO 
EO ,El ,86 ,C12,12 ,AO EO ,11 ,823,C12,A2 ,10 
EO ,El ,812,C12,A2 ,AO EO ,E1 ,826,C12,A2 ,AO 
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EO ,El ,827,C12,A2 ,AO EO ,El ,814,Cl2,A2 ,AO 
EO ,El ,815,C12,A2 ,AO EO ,A6 ,816,Cl2,AO 
EO ,A6 ,817,Cl2,AO EO ,A6 ,818,Cl2,AO 
EO ,A6 ,819,Cl2,AO EO ,A6 ,820,Cl2,AO 
EO ,A6 ,85 ,C12,AO EO ,A6 ,85 ,B16,C12,AO 
EO ,A6 ,B2l,Cl2,AO. EO ,A6 ,B22,C12,AO 
EO ,A6 ,86 ,C12,AO EO ,A6 ,B24,Cl2,AO 
EO ,A6 ,B25,Cl2,AO EO ,A6 ,B26,Cl2,AO 
10 ,A6 ,827,C12,AO EO ,A6 ,814,C12,AO 
EO ,A6 ,B15,Cl2,AO EO ,El ,B16,C12,AO 
EO ,El ,817,Cl2,AO EO ,El ,B18,Cl2,AO 
EO ,El ,B19,Cl2,AO EO ,El ,820,Cl2,AO 
EO ,El ,85 ,Cl2,AO EO ,El ,85 ,B16,Cl2,AO 
EO ,El ,B2l,Cl2,AO EO ,El ,822,C12,AO 
10 ,El ,86 ,C12,AO EO ,El ,824,C12,AO 
EO ,El ,825,C12,AO EO ,El ,826,Cl2,AO 
EO ,El ,B27,C12,AO EO ,El ,814,C12,AO 
EO ,El ,86 ,C12,AO EO ,C12,A2 ,AO 
EO ,C12,816,A2 ,AO EO ,C12,817,A2 ,AO 
EO ,Cl2,818,A2 ,AO EO ,C12,B19,A2 ,AO 
EO ,Cl2,820,A2 ,AO EO ,C12,85 ,A2 ,AO 
EO ,Cl2,82l,A2 ,AO EO ,Cl2,B22,A2 ,AO 
EO ,C12,86 ,A2 ,AO EO ,C12,823,A2 ,AO 
10 ,Cl2,812,A2 ,AO EO ,C12,826,A2 ,AO 
EO ,Cl2,827,A2 ,AO EO ,Cl2,814,A2 ,AO 
EO ,Cl2,B15,A2 ,AO EO ,C12,A6 ,AO 
EO ,El ,Cl2,Al ,AO EO ,A2 ,Cl2,816,A6 ,AO 
EO ,A2 ,Cl2,B17,A6 ,AO EO ,A2 ,Cl2,818,A6 ,AO 
EO ,A2 ,Cl2,819,A6 ,AO EO ,A2 ,Cl2,B20,A6 ,AO 
EO ,A2 ,Cl2,85 ,A6 ,AO EO ,A2 ,Cl2,B21,A6 ,AO 
EO ,A2 ,Cl2,822,A6 ,AO EO ,A2 ,C12,86 ,A6 ,AO 
EO ,A2 ,Cl2,823,A6 ,AO EO ,A2 ,Cl2,812,A6 ,AO 
EO ,A2 ,Cl2,826,A6 ,AO EO ,A2 ,Cl2,B27,A6 ,AO 
EO ,A2 ,Cl2,814,A6 ,AO EO ,A2 ,Cl2,815,A6 ,AO 
EO ,Cl2,816,A6 ,AO EO ,Cl2,817,A6 ,AO 
EO ,Cl2,B18,A6 ,AO EO ,Cl2,819,A6 ,AO 
EO ,C12,820,A6 ,AO EO ,Cl2,85 ,A6 ,AO 
EO ,Cl2,85 ,Bl6,A6 ,AO EO ,C12,82l,A6 ,AO 
EO ,Cl2,B22,A6 ,AO EO ,Cl2,86 ,A6 ,AO 
EO ,C12,824,A6 ,AO EO ,Cl2,825,A6 ,AO 
EO ,Cl2,826,A6 ,AO EO ,Cl2,827,A6 ,AO 
EO ,Cl2,814,A6 ,AO EO ,C12,815,A6 ,AO 
EO ,C12,816,Al ,AO EO ,C12,817,Al ,AO 
EO ,Cl2,818,Al ,AO EO ,C12,819,Al ,AO 
EO ,Cl2,B20,Al ,AO EO ,Cl2,85 ,Al ,AO 
EO ,C12,85 ,B16,Al ,AO EO ,Cl2,B21,82l,Al ,AO 
EO ,C12,822,Al ,AO EO ,Cl2,B6 ,Al ,AO 
EO ,Cl2,B24,Al ,AO EO ,Cl2,812,Al ,AO 
EO ,Cl2,826,A1 ,AO EO ,Cl2,827,Al ,AO 
EO ,Cl2,814,Al ,AO EO ,Cl2,815,Al ,AO 
EO ,El ,B16,C13,A2 ,AO EO ,El ,B17,C13,A2 ,AO 
EO ,El ,818,Cl3,A2 ,AO EO ,El ,819,C13,A2 ,AO 
EO ,El ,85 ,Cl3,A2 ,AO EO ,El ,85 ,Bl6,Cl3,A2 ,AO 
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EO ,El ,822,C13,A2 ,AO EO ,E1 ,B6 ,C13,A2 ,AO 
EO ,E1 ,B23,C13,A2 ,AO EO ,El ,812,Cl3,A2 ,AO 
EO ,E1 ,826,C13,A2 ,AO EO ,E1 ,813,C13,A2 ,AO 
EO ,E1 ,814,C13,A2 ,AO EO ,El ,815,C13,A2 ,AO 
EO ,A6 ,816,C13,AO EO ,A6 ,817,C13,AO 
EO ,A6 ,B18,C13,AO EO ,A6 ,819,Cl3,AO 
EO ,A6 ,820,Cl3,AO EO ,AS ,85 ,C13,AO 
EO ,A6 ,821,C13,AO EO ,A6 ,822,C13,AO 
EO ,A6 ,B6 ,Cl3,AO EO ,A6 ,823,Cl3,AO 
EO ,A6 ,812,C13,AO EO ,A6 ,826,C13,AO 
EO ,A6 ,827,C13,AO EO ,A6 ,814,C13,AO 
EO ,A6 ,815,C13,AO EO ,E1 ,B16,C13,AO 
EO ,El ,817,C13,AO EO ,E1 ,818,C13,AO 
EO ,E1 ,819,C13,AO EO ,E1 ,820,Cl3,AO 
EO ,E1 ,85 ,C13,AO EO ,E1 ,821,C13,AO 
EO ,E1 ,822,C13,AO EO ,E1 ,86 ,Cl3,AO 
EO ,E1 ,B23,C13,AO EO ,E1 ,812,C13,AO 
EO ,E1 ,B26,C13,AO EO ,El ,827,C13,AO 
EO ,E1 ,814,C13,AO EO ,E1 ,815,C13,AO 
EO ,C13,816,A2 ,AO EO ,C13,A2 ,AO 
EO ,C13,B17,A2 ,AO EO ,C13,818,A2 ,AO 
EO ,C13,B19,A2 ,AO EO ,C13,B20,A2 ,AO 
EO ,C13,B5 ,A2 ,AO EO ,C13,B21,A2 ,AO 
EO ,Cl3,B6 ,A2 ,AO EO ,C13,B23,A2 ,AO 
EO ,C13,B12,A2 ,AO EO ,C13,B26,A2 ,AO 
EO ,C13,B27,A2 ,AO EO ,C13,B14,A2 ,AO 
EO ,C13,815,A2 ,AO EO ,C13,A6 ,AO 
EO ,Cl3,Al ,AO EO ,A2 ,C13,B16,A6 ,AO 
EO ,A2 ,C13,817,A6 ,AO EO ,A2 ,C13,818,A6 ,AO 
EO ,A2 ,C13,819,A6 ,AO EO ,A2 ,Cl3,85 ,A6 ,AO 
EO ,A2 ,C13,85 ,816,16 ,AO EO ,12 ,Cl3,822,A6 ,AO 
EO ,A2 ,C13,86 ,A6 ,AO EO ,A2 ,C13,823,A6 ,AO 
EO ,A2 ,C13,812,A6 ,AO EO ,A2 ,C13,826,A6 ,AO 
EO ,A2 ,C13,813,A6 ,AO EO ,A2 ,C13,814,A6 ,AO 
EO ,A2 ,C13,815,A6 ,AO EO ,C13,816,A6 ,AO 
EO ,C13,817,A6 ,AO EO ,C13,818,A6 ,AO 
EO ,Cl3,819,A6 ,AO EO ,Cl3,820,A6 ,AO 
EO ,Cl3,85 ,A6 ,AO EO ,C13,821,A6 ,AO 
EO ,C13,822,A6 ,AO EO ,Cl3,86 ,A6 ,AO 
EO ,C13,823,A6 ,AO EO ,C13,812,A6 ,AO 
EO ,C13,826,A6 ,AO EO ,C13,827,A6 ,AO 
EO ,C13,814,A6 ,AO EO ,C13,815,A6 ,AO 
EO ,C13,816,A1 ,AO EO ,C13,817,A1 ,AO 
EO ,C13,818,A1 ,AO EO ,C13,819,A1 ,AO 
EO ,C13,820,A1 ,AO EO ,Cl3,85 ,A1 ,AO 
EO ,Cl3,821,A1 ,AO EO ,Cl3,822,A1 ,AO 
EO ,Cl3,86 ,A1 ,AO EO ,A2 ,C16,825,A6 ,AO 
EO ,A2 ,C16,813,A6 ,AO EO ,A2 ,C16,B14,A6 ,AO 
EO ,C16,816,A6 ,AO EO ,C16,819,A6 ,AO 
EO ,C16,85 ,A6 ,AO EO ,C16,86 ,A6 ,AO 
EO ,C16,823,A6 ,AO EO ,C16,825,A6 ,AO 
EO ,C16,813,A6 ,AO EO ,C16,814,A6 ,AO 
EO ,C16,816,A1 ,AO EO ,C16,819,Al ,AO 
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EO ,C16,85 ,11 ,10 EO ,C16,86 ,11 ,10 
EO ,C16,823,11 ,10 EO ,C16,825,11 ,10 
EO ,C16,813,11 ,10 EO ,C16,814,11 ,10 
EO ,E1 ,816,C17,12 ,10 EO ,E1 ,819,C17,12 ,10 
EO ,El ,826,C17,12 ,10 EO ,E1 ,827,C17,12 ,10 
EO ,16 ,816,Cl7,10 EO ,16 ,819,C17,10 
EO ,16 ,821,C17,10 EO ,16 ,86 ,C17 ,10 
EO ,16 ,824,C17,10 EO ,16 ,826,C17,10 
EO ,16 ,827,C17,10 EO ,E1 ,816,C17,11 ,10 
EO ,E1 ,819,C17,11 ,10 EO ,E1 ,821,C17,11 ,10 
EO ,E1 ,86 ,C17,11 ,10 EO ,E1 ,824,C17,11 ,10 
EO ,E1 ,B26,C17,11 ,10 EO ,E1 ,827,C17,11 ,10 
EO ,C17,821,12 ,10 EO ,C17,86 ,12 ,10 
EO ,C17,824,12 ,10 EO ,C17,826,12 ,10 
EO ,C17,827,12 ,10 EO ,C17,16 ,10 
EO ,C17,11 ,10 EO ,12 ,C17,816,16 ,10 
EO ,12 ,C17,819,16 ,10 EO ,12 ,C17,85 ,16 ,10 
EO ,12 ,C17 ,86 ,16 ,10 EO ,12 ,C17,824,16 ,10 
EO ,12 ,C17,826,16 ,10 EO ,12 ,C17,B27,16 ,10 
EO ,C17,816,16 ,10 EO ,C17,819,16 ,10 
EO ,C17,821,16 ,10 EO ,C17 ,86 ,16 ,10 
EO ,C17,824,16 ,10 EO ,C17,826,16 ,10 
EO ,C17,827,16 ,10 EO ,C17,B16,11 ,10 
EO ,C17,B19,11 ,10 EO ,C17 ,821,11 ,10 
EO ,C17 ,86 ,11 ,10 EO ,C17,B24,11 ,10 
EO ,C17,826,11 ,10 EO ,C17,B27,11 ,10 
EO ,El ,817,Cl8,12 ,10 EO ,E1 ,818,Cl8,12 ,10 
10 ,E1 ,820,Cl8,12 ,10 EO ,E1 ,85 ,Cl8,12 ,10 
EO ,E1 ,821,C18,12 ,10 EO , E1 ,86 , C18 ,12 ,10 
EO ,11 ,823,Cl8,12 ,10 EO ,E1 ,812,Cl8,12 ,10 
EO ,E1 ,826,C18,12 ,10 EO ,E1 ,B27,C18,12 ,10 
EO ,E1 ,814,C18,12 ,10 EO ,E1 ,815,C18,12 ,10 
EO ,16 ,816,Cl8,10 EO ,16 ,817,C18,10 
EO ,16 ,B19,Cl8,10 EO ,16 ,820,C18,10 
EO ,16 ,B21,C18,10 EO ,16 ,822,Cl8,10 
EO ,16 ,86 ,Cl8,10 EO ,16 ,B24,C18,10 
EO ,16 ,825,C18,10 EO ,16 ,813,Cl8,10 
EO ,16 ,B27,Cl8,10 EO ,16 ,813,819,C18,10 
EO ,16 ,B15,Cl8,10 EO ,11 ,816,C18,11 ,10 
EO ,E1 ,817,C18,11 ,10 EO ,E1 ,B19,C18,11 ,10 
EO ,E1 ,B20,C18,11 ,10 EO ,E1 ,85 ,C18,11 ,10 
EO ,E1 ,821,Cl8,11 ,AO EO ,E1 ,86 ,C18,11 ,10 
EO ,E1 ,823,C18,11 ,10 EO ,E1 ,812,C18,11 ,10 
EO ,El ,B27,C18,11 ,AO EO ,E1 ,814,C18,11 ,10 
EO ,E1 ,813,C18,11 ,10 EO ,El ,815,C18,11 ,AO 
EO ,C18,12 ,10 EO ,C18,818,12 ,10 
EO ,C18,820,12 ,10 EO ,C18,B5 ,12 ,10 
10 ,C18,821,12 ,10 EO ,C18,823,12 ,10 
EO ,C18,813,12 ,10 EO ,C18,827,12 ,10 
EO ,C18,B14,12 ,10 EO ,C18,B15,12 ,10 
EO ,C18,A6 ,10 EO ,C18,11 ,10 
EO ,12 ,Cl8,816,16 ,10 EO ,A2 ,Cl8,818,16 ,10 
EO ,12 ,C18,820,16 ,AO EO ,12 ,C18,B5 ,A6 ,10 
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EO ,A2 ,C18,821,A6 ,AO EO ,A2 ,C18,86 ,A6 ,AO 
EO ,A2 ,C18,823,A6 ,AO EO ,A2 ,Cl8,812,A6 ,AO 
EO ,A2 ,C18,826,A6 ,AO EO ,A2 ,C18,827,A6 ,AO 
EO ,A2 ,Cl8,814,A6 ,AO EO ,A2 ,Cl8,815,A6 ,AO 
EO ,Cl8,816,A6 ,AO EO ,Cl8,817,A6 ,AO 
EO ,Cl8,819,A6 ,AO EO ,C18,820,A6 ,AO 
EO ,C18,821,A6 ,AO EO ,Cl8,822,A6 ,AO 
EO ,C18 ,86 ,A6 ,AO EO ,C18,824,A6 ,AO 
EO ,C18,825,A6 ,AO EO ,Cl8,813,A6 ,AO 
EO ,C18,827,A6 ,AO EO ,Cl8,813,819,A6 ,AO 
EO ,Cl8,815,A6 ,AO EO ,El ,C18,816,A1 ,AO 
EO ,E1 ,Cl8,817,Al ,AO EO ,E1 ,C18,819,Al ,AO 
EO ,E1 ,C18,820,Al ,AO EO ,El ,Cl8,85 ,A1 ,AO 
EO ,11 ,Cl8,82l,Al ,AO EO ,El ,C18,86 ,Al ,AO 
EO ,11 ,Cl8,823,Al ,AO EO ,E1 ,C18,812,A1 ,AO 
10 ,El ,C18,813,Al ,AO EO ,El ,C18,827,A1 ,AO 
EO ,El ,Cl8,814,Al ,AO 10 ,El ,C18,815,Al ,AO 
EO ,El ,816,C20,A2 ,AO EO ,El ,817,C20,A2 ,AO 
EO ,El ,819,C20,A2 ,AO 10 ,El ,85 ,C20,A2 ,AO 
EO ,El ,82l,C20,A2 ,AO EO ,El ,822,C20,A2 ,AO 
EO ,El ,823,C20,A2 ,AO EO ,E1 ,812,C20,A2 ,AO 
EO ,El ,826,C20,A2 ,AO EO ,El ,827,C20,A2 ,AO 
EO ,El ,814,C20,A2 ,AO EO ,E1 ,815,C20,A2 ,AO 
EO ,A6 ,816,C20,AO EO ,A6 ,818,C20,AO 
EO ,A6 ,820,C20,AO EO ,A6 ,85 ,C20,AO 
EO ,A6 ,82l,C20,AO EO ,A6 ,86 ,C20,AO 
10 ,A6 ,823,C20,AO EO ,A6 ,812,C20,AO 
10 ,A6 ,826,C20,AO EO ,A6 ,827,C20,AO 
EO ,C13,823,Al ,AO EO ,Cl3,812,A1 ,AO 
EO ,C13,826,A1 ,AO EO ,Cl3,827,A1 ,AO 
EO ,Cl3,814,A1 ,AO EO ,C13,815,A1 ,AO 
EO ,E1 ,816,C14,A2 ,AO EO ,E1 ,817,C14,A2 ,AO 
EO ,El ,819,C14,A2 ,AO EO ,El ,82l,C14,A2 ,AO 
EO ,E1 ,825,C14,A2 ,AO EO ,A6 ,816,C14,AO 
EO ,A6 ,818,C14,AO EO ,A6 ,820,C14,AO 
EO , ] A6 , 85 , C14, AO EO ,A6 ,822,Cl4,AO 
EO ,A6 ,86 ,C14,AO EO ,A6 ,824,C14,AO 
EO ,A6 ,826,C14,AO EO ,A6 ,827,Cl4,AO 
EO ,A6 ,814,C14,AO EO ,A6 ,815,Cl4,AO 
EO ,E1 ,816,C14,A1 ,AO EO ,El ,818,C14,A1 ,AO 
EO ,E1 ,820,C14,A1 ,AO EO ,E1 ,85 ,C14,A1 ,AO 
EO ,11 ,B22,C14,Al ,AO EO ,E1 ,86 ,C14,A1 ,AO 
EO ,E1 ,B24,C14,A1 ,AO EO ,11 ,825,C14,A1 ,AO 
EO ,E1 ,813,C14,A1 ,AO EO ,E1 ,B14,C14,Al ,AO 
EO ,E1 ,815,C14,A1 ,AO EO ,C14,B20,A2 ,AO 
EO ,Cl4,85 ,A2 ,AO EO ,Cl4,822,A2 ,AO 
EO ,C14,B6 ,A2 ,AO EO ,C14,B24,A2 ,AO 
EO ,C14,B26,A2 ,AO EO ,C14,Bl3,A2 ,AO 
10 ,C14,814,A2 ,AO EO ,C14,815,A2 ,AO 
EO ,C14,A6 ,AO EO ,A2 ,C14,B16,A6 ,AO 
EO ,A2 ,C14,B17,A6 ,AO EO ,A2 ,C14,819,A6 ,AO 
EO ,A2 ,C14,85 ,A6 ,AO EO ,A2 ,C14,821,A6 ,AO 
EO ,A2 ,Cl4,86 ,A6 ,AO EO ,A2 ,Cl4,824,A6 ,AO 
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EO ,12 ,C14,825,16 ,10 EO ,12 ,Cl4,813,16 ,10 
EO ,12 ,C14,814,16 ,10 EO ,12 ,Cl4,815,16 ,AO 
EO ,Cl4,B16,16 ,10 EO ,Cl4,818,16 ,10 
EO ,C14,B20,16 ,AO EO ,C14,B5 ,A6 ,10 
EO ,C14,822,A6 ,10 EO ,Cl4,B6 ,16 ,10 
EO ,Cl4,B24,16 ,10 EO ,Cl4,B26,16 ,10 
EO ,Cl4,813,A6 ,10 EO ,Cl4,B14,16 ,10 
EO ,Cl4,B15,16 ,AO EO ,C14,B16,11 ,AO 
EO ,C14,B18,11 ,10 EO ,Cl4,B20,A1 ,10 
EO ,C14,B5 ,11 ,AO EO ,Cl4,822,A1 ,AO 
EO ,C14,B6 ,A1 ,10 EO ,C14,B24,A1 ,AO 
EO ,Cl4,B26,A1 ,10 EO ,C14,B13,A1 ,10 
EO ,C14,B14,11 ,10 EO ,C14,B15,11 ,10 
EO ,E1 ,816,C15,12 ,AO EO ,E1 ,B19,C15,A2 ,AO 
EO ,E1 ,85 ,C15,12 ,AO EO ,E1 ,B22,C15,A2 ,AO 
EO ,E1 ,86 ,C15,A2 ,AO EO ,E1 ,B12,C15,A2 ,AO 
EO ,E1 ,B26,C15,12 ,10 EO ,E1 ,827,C15,12 ,10 
EO ,E1 ,B15,C15,12 ,10 EO ,A6 ,817,C15,AO 
EO ,16 ,819,C15,10 EO ,A6 ,85 ,C15,AO 
EO ,A6 ,822,C15,AO EO ,A6 ,823,C15,10 
EO ,16 ,812,C15,AO EO ,16 ,826,C15,10 
EO ,16 ,827,C15,10 EO ,16 ,,15,C15,AO 
EO ,E1 ,817,C15,Al ,10 EO ,E1 ,819,C15,11 ,10 
EO ,E1 ,85 ,C15,A1 ,AO EO ,E1 ,822,C15,A1 ,10 
EO ,E1 ,823,C15,11 ,10 EO ,11 ,812,C15,11 ,AO 
EO ,E1 ,826,C15,11 ,AO EO ,E1 ,827,C15,11 ,10 
EO ,E1 ,815,C15,A1 ,10 EO ,C15,816,12 ,10 
EO ,C15,819,12 ,10 EO ,C15,822,12 ,AO 
EO ,C15,827,12 ,10 EO ,C15,16 ,AO 
EO ,C15,11 ,10 EO ,12 ,C15,816,16 ,AO 
EO ,12 ,C15,818,A6 ,10 EO ,12 ,C15,85 ,16 ,10 
EO ,12 ,C15,822,16 ,AO EO ,A2 ,C15,86 ,A6 ,AO 
EO ,12 ,C15,812,16 ,10 EO ,12 ,Cl5,B26,16 ,10 
EO ,12 ,C15,827,16 ,10 EO ,12 ,C15,B15,16 ,10 
EO ,C15,817,16 ,10 EO ,C15,819,16 ,AO 
EO ,C15,B5 ,16 ,AO EO ,C15,822,A6 ,AO 
EO ,C15,823,16 ,10 EO ,C15,812,A6 ,10 
EO ,C15,826,16 ,AO EO ,C15,827,A6 ,10 
EO ,C15,815,A6 ,10 EO ,C15,817,A1 ,10 
EO ,C15,819,11 ,AO EO ,C15,85 ,A1 ,AO 
10 ,C15,822,A1 ,AO 10 ,C15,823,A1 ,AO 
EO ,C15,812,A1 ,AO EO ,C15,826,A1 ,AO 
EO ,C15,827,A1 ,AO EO ,C15,815,A1 ,AO 
EO ,E1 ,816,C16,A2 ,AO EO ,E1 ,819,C16,A2 ,AO 
10 ,E1 ,85 ,C16,A2 ,AO EO ,E1 ,822,C16,A2 ,AO 
EO ,E1 ,823,C16,A2 ,10 EO ,E1 ,825,C16,A2 ,AO 
EO ,11 ,B13,C16,A2 ,10 EO ,E1 ,814,C16,A2 ,AO 
EO ,A6 ,816,C16,AO 10 ,A6 ,819,C16,AO 
EO ,A6 ,85 ,C16,10 EO ,A6 ,86 ,C16,AO 
EO ,A6 ,823,C16,AO EO ,A6 ,825,C16,AO 
EO ,A6 ,813,C16,AO EO ,A6 ,814,C16,AO 
EO ,E1 ,816,C16,11 ,AO 10 ,11 ,819,Cl6,A1 ,AO 
EO ,11 ,85 ,C16,A1 ,AO EO ,11 ,822,C16,A1 ,AO 
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EO ,11 ,B23,C16,A1 ,AO EO ,E1 ,B25,C16,A1 ,AO 
10 ,11 ,B13,C16,A1 ,AO 10 ,11 ,Bl4,Cl6,A1 ,AO 
EO ,Cl6,B16,A2 ,AO EO ,C16,B19,A2 ,AO 
EO ,C16,B5 ,A2 ,AO EO ,C16,B22,A2 ,AO 
EO ,C16,B23,A2 ,AO EO ,C16,B13,A2 ,AO 
EO ,C16,B14,A2 ,AO EO ,C16,A6 ,AO 
EO ,C16,A1 ,AO EO ,A2 ,Cl6,B16,A6 ,AO 
EO ,A2 ,C16,B19,A6 ,AO EO ,A2 ,Cl6,B5 ,A6 ,AO 
EO ,A2 ,C16,B22,A6 ,AO EO ,A2 ,Cl6,B23,A6 ,AO 
EO ,A6 ,B14,C20,AO EO ,A6 ,B15,C20,AO 
EO ,E1 ,B16,C20,A1 ,AO EO ,E1 ,B17,C20,A1 ,AO 
EO ,E1 ,B19,C20,A1 ,AO EO ,E1 ,BS ,C20,A1 ,AO 
EO ,E1 ,B21,C20,Al ,AO 10 ,E1 ,B22,C20,A1 ,AO 
EO ,E1 ,B23,C20,A1 ,AO EO ,11 ,B12,C20,A1 ,AO 
EO ,E1 ,B26,C20,A1 ,AO EO ,E1 ,B27,C20,A1 ,AO 
EO ,E1 ,B14,C20,A1 ,AO EO ,E1 ,B15,C20,A1 ,AO 
EO ,C20,B16,A2 ,AO EO ,C20,B19,A2 ,AO 
EO ,C20,B5 ,A2 ,AO EO ,C20,B21,A2 ,AO 
EO ,C20,B22,A2 ,AO EO ,C20,B23,A2 ,AO 
EO ,C20,B12,A2 ,AO EO ,C20,B26,A2 ,AO 
EO ,C20,B27,A2 ,AO EO ,C20,B14,A2 ,AO 
EO ,C20,B15,A2 ,AO EO ,A6 ,C20,AO 
EO ,E1 ,C20,AO EO ,A2 ,C20,B16,A6 ,AO 
EO ,A2 ,C20,B17,A6 ,AO EO ,A2 ,C20,B19,A6 ,AO 
EO ,A2 ,C20,B5 ,A6 ,AO EO ,A2 ,C20,B21,A6 ,AO 
EO ,A2 ,C20,B22,A6 ,AO EO ,A2 ,C20,B23,A6 ,AO 
EO ,A2 ,C20,B12,A6 ~AO EO ,A2 ,C20,B26,A6 ,AO 
EO ,A2 ,C20,B27,A6 ,AO EO ,A2 ,C20,B14,A6 ,AO 
EO ,A2 ,C20,B15,A6 ,AO EO ,C20,B16,A6 ,AO 
EO ,C20,B18,A6 ,AO EO ,C20,B20,A6 ,AO 
EO ,C20,B5 ,A6 ,AO EO ,C20,B21,A6 ,AO 
EO ,C20,B6 ,A6 ,AO EO ,C20,B23,A6 ,AO 
EO ,C20,B12,A6 ,AO EO ,C20,B26,A6 ,AO 
EO ,C20,B27,A6 ,AO EO ,C20,B14,A6 ,AO 
10 ,C20,B15,A6 ,AO EO ,11 ,C20,B16,A1 ,AO 
EO ,E1 ,C20,B17,A1 ,AO EO ,E1 ,C20,B19,A1 ,AO 
EO ,E1 ,C20,B5 ,A1 ,AO EO ,E1 ,C20,B21,A1 ,AO 
EO ,11 ,C20,B22,A1 ,AO EO ,E1 ,C20,B23,A1 ,AO 
EO ,E1 ,C20,B12,A1 ,AO 10 ,E1 ,C20,B26,A1 ,AO 
10 ,E1 ,C20,B27,A1 ,AO EO ,E1 ,C20,B14,A1 ,AO 
EO ,11 ,C20,B15,A1 ,AO EO ,E1 ,B16,C19,A2 ,AO 
EO ,11 ,B19,C19,A2 ,AO EO ,11 ,B21,C19,A2 ,AO 
EO ,11 ,B23,C19,A2 ,AO 10 ,E1 ,B25,C19,A2 ,AO 
10 ,A6 ,B16,C19,AO EO ,A6 ,B20,C19,AO 
10 ,A6 ,B22,C19,AO EO ,A6 ,B23,C19,AO 
10 ,A6 ,B25,C19,AO EO ,E1 ,B16,C19,A1 ,AO 
EO ,11 ,B20,C19,A1 ,AO EO ,E1 ,B21,C19,A1 ,AO 
EO ,E1 ,B23,C19,A1 ,AO EO ,E1 ,B25,C19,A1 ,AO 
10 ,C19,B21,A2 ,AO 10 ,A6 ,C19,AO 
EO ,E1 ,C19,A1 ,AO EO ,A2 ,C19,B16,A6 ,AO 
EO ,A2 ,C19,B20,A6 ,AO EO ,A2 ,C19,B21,A6 ,AO 
EO ,A2 ,C19,B6 ,A6 ,AO EO ,A2 ,C19,B25,A6 ,AO 
EO ,C19,B16,A6 ,AO EO ,C19,B20,A6 ,AO 
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EO ,Cl9,82l,A6 ,AO EO ,Cl9 ,823 ,A6 ,AO 
EO ,C19,825,A6 ,10 EO ,El ,C19,816,Al ,AO 
EO ,El ,Cl9,820,11 ,AO EO ,El ,C19,82l,Al ,AO 
EO ,El ,C19,823,Al ,AO EO ,E1 ,C19,825,Al ,AO 
EO ,A3 ,82 ,A3 ,AO EO ,A3 ,84 ,A3 ,AO 
EO ,A3 ,813,A3 ,AO EO ,A3 ,814,A3 ,AO 
EO ,13 ,815 ,A3 ,10 EO ,13 ,81 ,85 ,13 ,AO 
EO ,A3 ,81 ,86 ,A3 ,AO EO ,13 ,81 ,812,A3 ,AO 
EO ,A3 ,81 ,813,13 ,10 EO ,13 ,81 ,814,A3 ,10 
EO ,13 ,81 ,815,13 ,AO EO ,13 ,82 ,81 ,A3 ,AO 
EO ,A3 ,83 ,81 ,A3 ,AO EO ,A3 ,84 ,81 ,A3 ,AO 
EO ,A3 ,85 ,81 ,A3 ,AO EO ,AJ ,86 ,81 ,A3 ,AO 
EO ,A3 ,812,81 ,AJ ,AO EO ,13 ,813,81 ,A3 ,AO 
EO ,A3 ,814,81 ,A3 ,AO EO ,13 ,815,81 ,AJ ,AO 
EO ,El ,85 ,81 ,Al ,10 EO ,El ,86 ,81 ,Al ,10 
EO ,El ,812,81 ,Al ,10 EO ,E1 ,81 ,82 ,A1 ,AO 
EO ,E1 ,81 ,83 ,A1 ,AO EO ,E1 ,81 ,84 ,A1 ,AO 
EO ,E1 ,81 ,85 ,A1 ,AO EO ,E1 ,81 ,86 ,A1 ,AO 
EO ,E1 ,81 ,812,A1 ,AO EO ,E1 ,81 ,813,A1 ,AO 
EO ,El ,81 ,813,A1 ,10 EO ,E1 ,81 ,815,A1 ,AO 
EO ,El ,82 ,A1 ,10 EO ,E1 ,83 ,A1 ,10 
EO ,E1 ,84 ,A1 ,10 · EO ,E1 ,85 ,A1 ,AO 
EO ,E1 ,86 ,11 ,AO EO ,E1 ,812,A1 ,AO 
EO ,E1 ,813,A1 ,AO EO ,E1 ,814,11 ,AO 
EO ,E1 ,815,A1 ,AO EO ,A6 ,81 ,16 ,AO 
EO ,16 ,82 ,A6 ,AO EO ,16 ,83 ,A6 ,10 
EO ,A6 ,85 ,A6 ,10 EO ,16 ,812,A6 ,AO 
EO ,16 ,813 ,A6 ,AO EO ,16 ,814,A6 ,10 
EO ,A6 ,815,16 ,AO EO ,E1 ,Cl1,81 ,Al ,AO 
EO ,E1 ,Cl1,85 ,A1 ,AO EO ,E1 ,Cl1,86 ,A1 ,AO 
EO ,E1 ,Cl1,812,A1 ,AO EO ,E1 ,81 ,Cll,A1 ,AO 
EO ,E1 ,85 ,Cll,A1 ,10 EO ,E1 ,86 ,C11,11 ,AO 
EO ,El ,812,C11,11 ,10 EO ,E1 ,812,C10,A1 ,AO 
EO ,El ,813,C10,A1 ,AO EO ,E1 ,814,C10,Al ,AO 
EO ,E1 ,815,C10,A1 ,AO EO ,E1 ,82 ,ClO,Al ,AO 
EO ,E1 ,83 ,C10,Al ,10 EO ,El ,B4 ,C10,Al ,AO 
EO ,E1 ,C10,81 ,Al ,10 EO ,El ,C10,82 ,Al ,AO 
EO ,El ,C10,83 ,Al ,AO EO ,E1 ,Cl0,84 ,A1 ,AO 
EO ,11 ,C10,85 ,A1 ,AO EO ,El ,C10,86 ,A1 ,AO 
EO ,E1 ,C10,812,A1 ,AO EO ,E1 ,C10,813,A1 ,AO 
EO ,E1 ,C10,814,A1 ,AO EO ,El ,C10,815,11 ,AO 
EO ,A6 ,Cl1,85 ,A3 ,AO EO ,A6 ,Cl1,812,A3 ,AO 
EO ,A6 ,C5 ,BS ,A3 ,AO EO ,A6 ,C5 ,812,A3 ,AO 
EO ,A6 ,85 ,Cll,AO EO ,A6 ,812,Cll,AO 
EO ,16 ,85 ,C10,AO EO ,A6 ,812,C10,AO 
EO ,A6 ,85 ,C5 ,AO EO ,A6 ,812,C5 ,AO 
EO ,El ,Cl1,82 ,Al ,AO EO ,11 ,C11,83 ,Al ,AO 
EO ,E1 ,Cl1,84 ,A1 ,AO EO ,El ,CS ,81 ,Al ,AO 
EO ,El ,C5 ,82 ,Al ,AO EO ,El ,C5 ,84 ,Al ,AO 
EO ,E1 ,CS ,85 ,Al ,AO EO ,El ,C5 ,B6 ,Al ,AO 
EO ,E1 ,CS ,812,A1 ,AO EO ,E1 ,C5 ,813,A1 ,AO 
EO ,El ,CS ,814,A1 ,AO EO ,E1 ,C5 ,815,A1 ,AO 
EO ,E1 ,84 ,C5 ,A1 ,AO EO , El , 85 , CS , A1 ,AO 
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EO ,E1 ,86 ,C5 ,Al ,AO EO ,E1 ,812,C5 ,A1 ,AO 
EO ,El ,813,C5 ,A1 ,AO EO ,E1 ,814,CS. ,Al ,AO 
EO ,El ,815,C5 ,Al ,AO EO ,A6 ,Cll,Bl ,A3 ,AO 
EO ,A6 ,Cll,B2 ,A3 ,AO EO ,A6 ,Cll,B3 ,A3 ,AO 
EO ,A6 ,Cl1,84 ,A3 ,AO EO ,A6 ,Cll,B13,A3 ,AO 
EO ,A6 ,Cl1,814,A3 ,AO EO ,A6 ,Cll,B15,A3 ,AO 
EO ,A6 ,C5 ,81 ,A3 ,AO EO ,A6 ,C5 ,82 ,A3 ,AO 
EO ,A6 ,C5 ,83 ,A3 ,AO EO ,A6 ,C5 ,B4 ,A3 ,AO 
EO ,A6 ,C5 ,813 ,A3 ,AO EO ,A6 ,C5 ,814,13 ,AO 
EO ,A6 ,C5 ,815,A3 ,AO EO ,A6 ,81 ,Cll,AO 
EO ,A6 ,82 ,Cl1,10 EO ,16 ,83 ,Cll,AO 
EO ,16 ,84 ,Cll,AO EO ,16 ,813,Cll,AO 
EO ,A6 ,814,Cll,AO EO ,16 ,815,Cll,AO 
EO ,A6 ,81 ,ClO,AO EO ,A6 ,82 ,C10,AO 
EO ,A6 ,83 ,ClO,AO EO ,A6 ,84 ,C10,AO 
EO ,A6 ,813,C10,AO EO ,A6 ,814,C10,AO 
EO ,A6 ,815,C10,AO EO ,A6 ,81 ,C5 ,AO 
EO ,A6 ,82 ,C5 ,AO EO ,16 ,83 ,C5 ,10 
EO ,A6 ,84 ,C5 ,10 EO ,A6 ,813,C5 ,AO 
EO ,A6 ,814,C5 ,10 EO ,A6 ,815,C5 ,AO 
EO ,El ,Cl1,81 ,11 ,AO EO ,El ,Cl1,85 ,Al ,AO 
EO ,El ,Cll,B6 ,11 ,AO EO ,E1 ,Cll,B12,Al ,AO 
EO ,El ,Cl1,813,Al ,AO EO ,El ,Cll,B14,Al ,AO 
EO ,El ,Cll,B15,Al ,AO EO ,El ,C2 ,B2 ,A2 ,AO 
EO ,E1 ,C2 ,B4 ,12 ,AO EO ,El ,C2 ,85 ,12 ,AO 
EO ,El ,C2 ,86 ,A2 ,AO EO ,El ,C2 ,812,A2 ,AO 
EO ,El ,C2 ,813,A2 ,10 EO ,El ,C2 ,814,12 ,AO 
EO ,E1 ,C2 ,815,A2 ,AO EO ,El ,B3 ,C2 ,A2 ,AO 
EO ,El ,84 ,C2 ,A2 ,10 EO ,E1 ,85 ,C2 ,A2 ,AO 
EO ,E1 ,86 ,C2 ,A2 ,AO EO ,El ,812,C2 ,12 ,AO 
EO ,E1 ,813,C2 ,12 ,AO EO ,El ,814,C2 ,A2 ,10 
EO ,El ,B15,C2 ,12 ,10 EO ,El ,CS ,B2 ,A2 ,AO 
EO ,El ,C8 ,A2 ,AO EO ,E1 ,C8 ,84 ,A2 ,AO 
EO ,El , C8 ,85 ,A2 ,AO EO ,El ,CS ,86 ,A2 ,AO 
EO ,El ,C8 ,812,A2 ,AO EO ,El ,CS ,813,A2 ,AO 
EO ,El ,C8 ,814,A2 ,AO EO ,E1 ,C8 ,B15,A2 ,AO 
EO ,El ,C7 ,B2 ,A2 ,AO EO ,El ,C7 ,A2 ,AO 
EO ,El ,C7 ,84 ,A2 ,AO EO ,E1 ,C7 ,85 ,A2 ,AO 
EO ,E1 ,C7 ,B6 ,A2 ,AO EO ,E1 ,C7 ,812,A2 ,AO 
EO ,El ,C7 ,813,A2 ,AO EO ,E1 ,C7 ,814,A2 ,AO 
EO ,E1 ,C7 ,815,A2 ,AO EO ,E1 ,C5 ,12 ,10 
EO ,E1 ,C5 ,82 ,A2 ,AO EO ,El ,C5 ,84 ,12 ,AO 
EO ,E1 ,C5 ,85 ,A2 ,AO EO ,El ,C5 ,86 ,A2 ,AO 
EO ,E1 ,C5 ,812,12 ,AO EO ,El ,C5 ,813,12 ,10 
EO ,El ,C5 ,814,A2 ,AO EO ,El ,C5 ,B15,A2 ,AO 
EO ,El ,C3 ,A2 ,10 EO ,El ,C3 ,82 ,A2 ,AO 
EO ,El ,C3 ,84 ,12 ,AO EO ,11 ,C3 ,B5 ,A2 ,AO 
EO ,El ,C3 ,B6 ,A2 ,AO EO ,El ,C3 ,812,12 ,AO 
EO ,El ,C3 ,B13,A2 ,AO EO ,E1 ,C3 ,814,12 ,AO 
EO ,E1 ,C3 ,815,A2 ,AO EO ,Cl4,A2 ,AO 
EO ,C14,82 ,A2 ,AO EO ,Cl4,83 ,A2 ,10 
EO ,Cl4,84 ,A2 ,AO EO ,C14,85 ,A2 ,10 
EO ,Cl4,86 ,12 ,AO EO ,C14,812,A2 ,AO 
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EO ,C14,813,A2 ,AO EO ,Cl4,814,A2 ,AO 
EO ,Cl4,815,A2 ,AO EO ,A6 ,C7 ,81 ,A2 ,AO 
EO ,A6 ,C7 ,82 ,A2 ,AO EO ,A6 ,C7 ,83 ,A2 ,AO 
EO ,A6 ,C7 ,84 ,A2 ,AO EO ,A6 ,C7 ,85 ,A2 ,AO 
EO ,A6 ,C7 ,86 ,A2 ,AO EO ,A6 ,C7 ,812,A2 ,AO 
EO ,A6 ,C7 ,813,A2 ,AO EO ,A6 ,C7 ,814,A2 ,AO 
EO ,A6 , C7 ,815 ,A2 ,AO EO ,E1 ,CS ,81 ,A1 ,AO 
EO ,El ,C8 ,82 ,A1 ,AO EO ,E1 ,C8 ,84 ,A1 ,AO 
EO ,E1 ,C8 ,85 ,A1 ,AO EO ,E1 ,C8 ,86 ,A1 ,AO 
EO ,E1 ,CS ,812,A1 ,AO EO ,E1 ,CS ,813,A1 ,AO 
EO ,E1 ,CS ,814,A1 ,AO EO ,E1 ,C8 ,815,A1 ,AO 
EO ,E1 ,81 ,C8 ,A1 ,AO EO ,E1 ,83 ,C8 ,A1 ,AO 
EO ,E1 ,84 ,CS ,A1 ,AO EO ,E1 ,85 ,C8 ,A1 ,AO 
EO ,E1 ,86 ,CS ,A1 ,AO EO ,E1 ,812,C8 ,A1 ,AO 
EO ,E1 ,813,C8 ,A1 ,AO EO ,El ,814,C8 ,A1 ,AO 
EO ,E1 ,815,C8 ,A1 ,AO EO ,E1 ,C7 ,81 ,Al ,AO 
EO ,E1 ,C7 ,82 ,A1 ,AO EO ,E1 ,C7 ,84 ,A1 ,AO 
EO ,E1 ,C7 ,85 ,A1 ,AO EO ,E1 ,C7 ,86 ,A1 ,AO 
EO ,E1 ,C7 ,812,A1 ,AO EO ,E1 ,C7 ,813 ,A1 ,AO 
EO ,El ,C7 ,814,A1 ,AO EO ,E1 ,C7 ,815,A1 ,AO 
EO , E1 , 81 , C7 , A1 ,AO EO ,E1 ,83 ,C7 ,A1 ,AO 
EO ,E1 ,84 ,C7 ,A1 ,AO EO ,El ,85 ,C7 ,A1 ,AO 
EO ,E1 ,86 ,C7 ,A1 ,AO EO ,E1 ,812,C7 ,A1 ,AO 
EO ,11 ,813 ,C7 ,A1 ,AO EO ,E1 ,814,C7 ,A1 ,AO 
EO ,E1 ,815,C7 ,A1 ,AO EO ,E1 ,81 ,C3 ,A1 ,AO 
EO ,11 ,82 ,C3 ,A1 ,10 EO ,E1 ,83 ,C3 ,A1 ,AO 
EO ,E1 ,84 ,C3 ,A1 ,AO EO ,E1 ,85 ,C3 ,A1 ,AO 
EO ,E1 ,86 ,CJ ,A1 ,AO EO ,E1 ,812,C3 ,A1 ,AO 
EO ,El ,813,C3 ,A1 ,AO EO ,E1 ,814,C3 ,A1 ,AO 
EO ,E1 ,815,C3 ,A1 ,AO EO ,E1 ,C3 ,81 ,A1 ,AO 
EO ,E1 ,CJ ,82 ,A1 ,AO EO ,E1 ,C3 ,84 ,A1 ,AO 
EO ,E1 ,C3 ,85 ,A1 ,AO EO ,11 ,CJ ,86 ,A1 ,AO 
EO ,E1 ,CJ ,812,A1 ,AO EO ,E1 ,C3 ,813,A1 ,AO 
EO ,E1 ,C3 ,814,A1 ,AO EO ,E1 ,C3 ,815,A1 ,AO 
EO ,E1 ,83 ,C2 ,A1 ,AO EO ,E1 ,84 ,C2 ,A1 ,AO 
EO , E1 , 85 , C2 , A1 ,AO EO ,E1 ,86 ,C2 ,A1 ,AO 
EO ,E1 ,812,C2 ,A1 ,AO EO ,E1 ,813 ,C2 ,A1 ,AO 
EO ,E1 ,814,C2 ,A1 ,AO EO ,E1 ,815,C2 ,A1 ,AO 
EO ,E1 ,C2 ,81 ,A1 ,AO EO ,E1 ,C2 ,82 ,A1 ,AO 
EO ,11 ,C2 ,84 ,A1 ,AO EO ,E1 ,C2 ,85 ,A1 ,AO 
EO ,E1 ,C2 ,86 ,A1 ,AO EO ,E1 ,C2 ,812,A1 ,AO 
EO ,E1 ,C2 ,813 ,A1 ,AO EO ,E1 ,C2 ,814,11 ,AO 
EO ,E1 ,C2 ,815,A1 ,AO EO ,A6 ,B16,A2 ,AO 
EO ,16 ,B17,A2 ,AO EO ,16 ,818,A2 ,AO 
EO ,16 ,819,12 ,10 EO ,16 ,B20,A2 ,AO 
EO , A6 , 85 , A2 , 10 EO ,16 ,821,12 ,AO 
EO ,A6 ,822,12 ,10 EO ,16 , 86 ,A2 ,AO 
EO ,A6 ,823 ,A2 ,AO EO ,A6 ,812,12 ,AO 
10 ,16 ,B26,A2 ,AO EO ,16 ,B27,A2 ,AO 
EO ,A6 ,B14,A2 ,AO EO ,A6 ,815,12 ,AO 
EO ,A2 ,A1 ,10 EO ,A6 ,816,A3 ,AO 
EO ,A6 ,818,A3 ,AO EO ,A6 ,819,A3 ,AO 
EO ,16 ,B20,A3 ,AO EO ,A6 ,821,13 ,AO 
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EO ,El ,822,A2 ,AO EO ,El ,86 ,A2 ,AO 
EO ,El ,823,A2 ,AO EO ,E1 ,812,A2 ,AO 
EO ,El ,826,A2 ,AO EO ,E1 ,827,A2 ,AO 
EO ,El ,814,A2 ,AO EO ,E1 ,815,A2 ,AO 
EO ,A2 ,A2 ,AO EO ,A2 ,816,A2 ,AO 
EO ,A2 ,818,A2 ,AO EO ,A2 ,819,A2 ,AO 
EO ,A2 ,820,A2 ,AO EO ,A2 ,821,A2 ,AO 
EO ,A2 ,822,A2 ,AO EO ,A2 ,823,A2 ,AO 
EO ,A2 ,826,A2 ,AO EO ,A6 ,A2 ,A6 ,AO 
EO ,E1 ,A2 ,A1 ,AO EO ,A2 ,A2 ,816,A6 ,AO 
EO ,A2 ,A2 ,817,A6 ,AO EO ,A2 ,A2 ,818,A6 ,AO 
EO ,A2 ,A2 ,820,A6 ,AO EO ,A2 ,A2 ,85 ,A6 ,AO 
EO ,A2 ,A2 ,85 ,816,A6 ,AO EO ,A2 ,A2 ,822,A6 ,AO 
EO ,A2 ,A2 ,86 ,A6 ,AO EO ,A2 ,A2 ,823,A6 ,AO 
EO ,A2 ,A2 ,B12,A6 ,AO EO ,A2 ,A2 ,826,A6 ,AO 
EO ,A2 ,A2 ,827 ,A6 ,AO EO ,A2 ,A2 ,814,A6 ,AO 
EO ,A2 ,A2 ,815,A6 ,AO EO ,A2 ,816,A6 ,AO 
EO ,A2 ,817,A6 ,AO EO ,A2 ,818,A6 ,AO 
EO ,A2 ,819,A6 ,AO EO ,A2 ,820,A6 ,AO 
EO ,A2 ,85 ,A6 ,AO EO ,A2 ,821,A6 ,AO 
EO ,A2 ,822,A6 ,AO EO ,A2 , 86 ,A6 ,AO 
EO ,A2 ,823,A6 ,AO EO ,A2 ,812,A6 ,AO 
EO ,A2 ,826,A6 ,AO EO ,A2 ,827,A6 ,AO 
EO ,A2 ,814,A6 ,AO EO ,A2 ,815,A6 ,AO 
EO ,A2 ,816,A1 ,AO EO ,A2 ,817,A1 ,AO 
EO ,A2 ,818,A1 ,AO EO ,A2 ,819,A1 ,AO 
EO ,A2 ,820,Al ,AO EO ,A2 ,85 ,A1 ,AO 
EO ,A2 ,821,A1 ,AO EO ,A2 ,822,A1 ,AO 
EO ,A2 ,86 ,A1 ,AO EO ,A2 ,823,A1 ,AO 
EO ,A2 ,812,A1 ,AO EO ,A2 ,826,A1 ,AO 
EO ,A2 ,827,A1 ,AO EO ,A2 ,814,A1 ,AO 
EO ,A2 ,815,A1 ,AO EO ,E1 ,816,87 ,A2 ,AO 
EO ,El ,817,87 ,A2 ,AO EO ,E1 ,818,87 ,A2 ,AO 
EO ,E1 ,820,87 ,A2 ,AO EO ,E1 ,85 ,87 ,A2 ,AO 
EO ,E1 ,821,87 ,A2 ,AO EO ,El ,822,87 ,A2 ,AO 
EO ,E1 ,86 ,87 ,A2 ,AO EO ,E1 ,824,87 ,A2 ,AO 
EO ,E1 ,825,87 ,A2 ,AO EO ,E1 ,813,87 ,A2 ,AO 
EO ,E1 ,814,87 ,A2 ,AO EO ,E1 ,815,87 ,A2 ,AO 
EO ,A6 ,87 ,A2 ,AO EO ,A6 ,87 ,AO 
EO ,A6 ,816,87 ,AO EO ,A6 ,817,87 ,AO 
EO ,A6 ,818,87 ,AO EO ,A6 ,819,87 ,AO 
EO ,A6 ,820,87 ,AO EO ,A6 ,85 ,87 ,AO 
EO ,A6 ,821,87 ,AO EO ,A6 ,822,87 ,AO 
EO ,A6 ,823,87 ,AO EO ,A6 ,824,87 ,AO 
EO ,A6 ,826,87 ,AO EO ,A6 ,813,87 ,AO 
EO ,A6 ,814,87 ,AO EO ,A6 ,815,87 ,AO 
EO ,E1 ,87 ,10 EO ,E1 ,816,87 ,AO 
EO ,E1 ,817,87 ,AO EO ,E1 ,818,87 ,AO 
EO ,E1 ,819,87 ,AO EO ,E1 ,820,87 ,AO 
EO ,El ,85 ,87 ,AO EO ,E1 ,821,87 ,AO 
EO ,E1 ,822,87 ,AO EO ,El ,823,87 ,AO 
EO ,El ,824,87 ,AO EO ,E1 ,826,87 ,AO 
EO ,El ,813,87 ,AO EO ,E1 ,814,87 ,AO 
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EO ,E1 ,815,87 ,AO 10 ,A2 ,816,87 ,AO 
10 ,A2 ,817,87 ,AO EO ,A2 ,818,87 ,AO 
EO ,A2 ,820,87 ,AO 10 ,A2 ,85 ,87 ,AO 
EO ,12 ,821,87 ,AO 10 ,A2 ,822,87 ,AO 
EO ,A2 ,823,87 ,AO EO ,A2 ,824,87 ,AO 
EO ,A2 ,825,87 ,AO EO ,A2 ,813,87 ,AO 
EO ,A2 ,814,87 ,AO EO ,A2 ,815,87 ,AO 
EO ,E1 ,817,89 ,A2 ,AO EO ,E1 ,819,89 ,A2 ,AO 
EO ,E1 ,85 ,89 ,A2 ,AO iO ,E1 ,822,89 ,A2 ,AO 
EO ,E1 ,823,89 ,A2 ,AO EO ,E1 ,812,89 ,A2 ,AO 
EO ,E1 ,826,89 ,A2 ,AO EO ,E1 ,827,89 ,A2 ,AO 
EO ,E1 ,815,89 ,A2 ,AO EO ,E1 ,89 ,A2 ,AO 
10 ,A6 ,89 ,A2 ,A1 ,AO EO ,A6 ,89 ,AO 
EO ,A6 ,817,89 ,AO EO ,A6 ,820,89 ,AO 
EO ,A6 ,821,89 ,AO EO ,A6 ,822,89 ,AO 
EO ,A6 ,823,89 ,AO EO ,A6 ,812,89 ,AO 
EO ,A6 ,813,89 ,AO EO· ,A6 ,827,89 ,AO 
EO ,A6 ,815,89 ,AO EO ,E1 ,89 ,AO 
EO ,E1 ,817,89 ,AO EO ,11 ,820,89 ,AO 
EO ,E1 ,821,89 ,AO EO ,E1 ,822,89 ,AO 
EO ,E1 ,823,89 ,AO EO ,E1 ,812,89 ,AO 
EO ,E1 ,813,89 ,AO EO ,E1 ,827,89 ,AO 
EO ,11 ,815,89 ,AO EO ,A2 ,89 ,817,A6 ,AO 
EO ,A2 ,89 ,819,A6 ,AO EO ,A2 ,89 ,85 ,A6 ,AO 
10 ,A2 ,89 ,822,A6 ,AO 10 ,A2 ,89 ,823,A6 ,AO 
EO ,A2 ,89 ,812,A6 ,AO 10 ,A2 ,89 ,826,A6 ,AO 
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ROOF CODE LAYER DESCRIPTIONS (SEE TABLE VII) 
EO ,E2 ,E3 ,88 ,AO EO ,E2 ,E3 ,85 ,88 ,AO 
EO ,E2 ,!3 ,823,88 ,AO EO ,E2 ,E3 ,813,88 ,AO 
EO ,E2 ,E3 ~814,88 ,AO EO ,E2 ,E3 ,816,88 ,E4 ,E5 ,AO 
EO ,E2 ,E3 ,822,88 ,E4 ,E5 ,AO EO ,E2 ,E3 ,812,88 ,E4 ,E5 ,AO 
EO ,E2 ,E3 ,827,88 ,E4 ,E5 ,10 EO ,E2 ,E3 ,815,88 ,E4 ,E5 ,10 
EO ,E2 ,E3 ,817,A3 ,AO EO ,E2 ,!3 ,86 ,13 ,10 
EO ,E2 ,E3 ,825,13 ,AO EO ,E2 ,E3 ,814,A3 ,AO 
EO ,E2 ,E3 ,B15,A3 ,AO EO ,E2 ,E3 ,13 ,E4 ,ES ,10 
EO ,E2 ,E3 ,85 ,13 ,E4 ,E5 ,10 EO ,E2 ,13 ,823,13 ,E4 ,E5 ,AO 
EO ,12 ,E3 ,813,A3 ,E4 ,E5 ,10 EO ,E2 ,E3 ,815,13 ,E4 ,E5 ,AO 
EO ,E2 ,E3 ,816,87 ,AO EO ,E2 ,E3 ,821,87 ,10 
EO ,E2 ,E3 ,812,87 ,AO EO ,E2 ,E3 ,827,87 ,AO 
EO ,E2 ,E3 ,815,87 ,AO EO ,E2 ,E3 ,819,87 ,E4 ,E5 ,AO 
EO ,E2 ,!3 ,826,87 ,E4 ,E5 ,AO EO ,E2 ,E3 ,86 ,87 ,E4 ,E5 ,AO 
EO ,12 ,E3 ,814,87 ,E4 ,E5 ,AO EO ,E2 ,E3 ,815,87 ,E4 ,E5 ,AO 
EO ,E2 ,E3 ,818,89 ,AO EO ,E2 ,E3 ,86 ,89 ,AO 
EO ,E2 ,E3 ,825,89 ,10 EO ,E2 ,E3 ,814,89 ,AO 
EO ,E2 ,E3 ,815,89 ,AO EO ,E2 ,E3 ,89 , E4 ,E5 ,AO 
EO ,E2 ,E3 , 85 , 89 ,E4 ,E5 ,AO EO ,E2 ,E3 ,824,89 ,E4 ,E5 ,AO 
EO ,E2 ,E3 ,813,89 ,E4 ,E5 ,AO EO ,E2 ,E3 ,815,89 ,E4 ,E5 ,AO 
EO ,E2 ,E3 ,C12,817,AO EO ,E2 ,E3 ,C12,822,AO 
EO ,E2 ,E3 ,C12,825,AO EO ,E2 ,E3 ,C12,814,AO 
EO ,E2 ,E3 ,C12,815,AO EO ,E2 ,13" ,C12,10 
EO ,E2 ,E3 ,817,Cl2,10 EO ,E2 ,E3 ,822,C12,10 
EO ,E2 ,E3 ,B25,C12,AO EO ,E2 ,E3 ,814,C12,AO 
EO ,E2 ,E3 ,Bl5,Cl2,AO EO ,E2 ,E3 ,C12,816,E4 ,E5 ,AO 
EO ,E2 ,E3 ,Cl2,85 ,E4 ,E5 ~AO EO ,E2 ,E3 ,C12,823,E4 ,E5 ,AO 
EO ,E2 ,E3 ,Cl2,813,E4 ,E5 ,AO EO ,EE2,E3 ,Cl2,814,E4 ,E5 ,AO 
EO ,E2 ,E3 ,C12,E4 ,E5 ,10 EO ,E2 ,E3 ,B16,C12,E4 ,E5 ,AO 
EO ,E2 ,E3 ,85 ,Cl2,E4 ,E5 ,AO EO ,12 ,E3 ,B23,Cl2,E4 ,E5 ,AO 
EO ,E2 ,13 ,813,Cl2,E4 ,E5 ,AO EO , E2 , E3 ,B14,Cl2,E4 ,E5 ,AO 
EO ,E2 ,E3 ,C5 ,817,AO EO ,E2 ,E3 ,C5 ,822,AO 
EO ,E2 ,E3 ,C5 ,825,AO EO ,E2 ,E3 ,C5 ,Bl4,AO 
EO ,E2 ,E3 ,C5 ,815,AO EO ,12 ,E3 ,C5 ,AO 
EO ,E2 ,E3 ,B17,C5 ,AO EO ,E2 ,E3 ,822,C5 ,10 
EO ,E2 ,E3 ,825,C5 ,AO EO ,E2 ,E3 ,814,C5 ,AO 
EO ,E2 ,E3 ,B15,C5 ,AO EO ,E2 ,E3 ,C5 ,816,E4 ,E5 ,AO 
EO ,E2 ,E3 ,CS ,85 ,E4 ,E5 ,AO EO ,E2 ,E3 ,C5 ,823,E4 ,E5 ,AO 
EO ,E2 ,E3 ,C5 ,813,E4 ,E5 ,AO EO ,E2 ,E3 ,C5 ,814,E4 ,E5 ,AO 
EO ,E2 ,E3 ,C5 ,E4 ,E5 ,10 EO ,E2 , E3 ,816,C5 ,E4 ,E5 ,AO 
EO ,E2 ,E3 ,85 ,C5 ,E4 ,E5 ,10 EO ,E2 ,E3 ,823,C5 ,E4 ,E5 ,AO 
EO ,E2 ,E3 ,813,C5 ,E4 ,E5 ,AO EO ,E2 ,E3 ,B14,C5 ,E4 ,ES ,AO 
EO ,E2 ,E3 ,Cl3,816,10 EO ,E2 ,E3 ,Cl3,822,AO 
EO ,E2 ,E3 ,C13,825,AO EO ,E2 ,E3 ,C13,827,AO 
EO ,E2 ,E3 ,Cl3,815,AO EO ,E2 ,E3 ,C13,AO 
EO ,E2 ,E3 ,816,C13,AO EO ,E2 ,E3 ,B22,C13,AO 
EO ,E2 ,E3 ,825,Cl3,AO EO ,E2 ,E3 ,827,C13,AO 
EO ,E2 ,E3 ,815,Cl3,AO EO ,E2 ,E3 ,C13,820,E4 , E5 ,AO 
EO ,E2 ,E3 ,C13,823,E4 ,E5 ,AO EO ,E2 ,E3 ,Cl3,813,E4 ,E5 ,AO 
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EO ,E2 ,E3 ,Cl3,814,E4 ,E5 ,AO EO ,E2 ,E3 ,C13,E4 ,E5 ,AO 
EO ,E2 ,E3 ,820,Cl3,E4 ,E5 ,AO EO ,E2 ,E3 ,823,C13,E4 ,E5 ,AO 
EO ,E2 ,E3 ,813,Cl3,E4 ,E5 ,AO EO ,E2 ,E3 ,814,Cl3,E4 ,E5 ,AO 
EO ,E2 ,E3 ,Cl4,820,AO EO ,E2 ,E3 ,C14,823,AO 
EO ,E2 ,E3 ,Cl4,813,AO EO ,E2 ,E3 ,Cl4,814,AO 
EO ,E2 ,E3 ,C14,AO EO ,E2 ,E3 ,820,Cl4,AO 
EO ,E2 ,E3 ,823,Cl4,AO EO ,E2 ,E3 ,813,Cl4,AO 
EO ,E2 ,E3 ,814,C14,AO EO ,E2 ,E3 ,Cl4,816,E4 ,15 ,AO 
EO ,E2 ,E3 ,Cl4,822,E4 ,E5 ,AO EO ,E2 ,E3 ,Cl4,812,E4 ,E5 ,AO 
EO ,E2 ,E3 ,Cl4,827,E4 ,E5 ,AO EO ,E2 ,E3 ,Cl4,815,E4 ,E5 ,AO 
EO ,E2 ,E3 ,C14,E4 ,E5 ,AO EO ,E2 ,E3 ,816,C14,E4 ,E5 ,AO 
EO ,E2 ,E3 ,822,C14,E4 ,E5 ,AO EO ,E2 ,E3 ,812,C14,E4 ,E5 ,AO 
EO ,E2 ,E3 ,827,C14,E4 ,E5 ,AO EO ,E2 ,E3 ,815,C14,E4 ,E5 ,AO 
EO ,E2 ,E3 ,C15,817,AO EO ,E2 ,E3 ,C15,86 ,AO 
EO ,E2 ,E3 ,Cl5,825,AO EO ,E2 ,E3 ,C15,814,AO 
EO ,E2 ,E3 ,Cl5,815,AO EO ,E2 ,E3 ,Cl5,AO 
EO ,E2 ,E3 ,817,Cl5,AO EO ,E2 ,E3 ,86 ,C15,AO 
EO ,E2 ,E3 ,825,Cl5,AO EO ,E2 ,E3 ,814,C15,AO 
EO ,E2 ,E3 ,815~C15,AO EO ,E2 ,E3 ,Cl5,816,E4 ,E5 ,AO 
EO ,E2 ,E3 ,Cl5,85 ,E4 ,E5 ,AO EO ,E2 ,E3 ,Cl5,823,E4 ,E5 ,AO 
EO ,E2 ,E3 ,Cl5,813,E4 ,E5 ,AO EO ,E2 ,E3 ,Cl5,815,E4 ,E5 ,AO 
EO ,E2 ,E3 ,Cl5,E4 ,E5 ,AO EO ,E2 ,E3 ,816,Cl5,E4 ,E5 ,AO 
EO ,E2 ,E3 ,85 ,Cl5,E4 ,E5 ,AO EO ,E2 ,E3 ,823,Cl5,E4 ,E5 ,AO 
EO ,12 ,13 ,813,Cl5,E4 ,E5 ,AO EO ,E2 ,E3 ,815,C15,E4 ,E5 ,AO 
EO ,E2 ,E3 ,Cl6,816,AO EO ,E2 ,E3 ,Cl6,82l,AO 
EO ,E2 ,E3 ,Cl6,824,AO EO ,E2 ,E3 ,Cl6,827,AO 
EO ,E2 ,E3 ,Cl6,815,AO EO ,12 ,E3 ,Cl6,AO 
EO ,E2 ,E3 ,816,C16,AO EO ,12 ,E3 ,82l,Cl6,AO 
EO ,E2 ,E3 ,824,Cl6,AO EO ,E2 ,E3 ,827,Cl6,AO 
EO ,E2 ,E3 ,815,Cl6,AO EO ,E2 ,E3 ,Cl6,818,E4 ,E5 ,AO 
EO ,E2 ,E3 ,C16,86 ,E4 ,E5 ,AO EO ,E2 ,E3 ,C16,826,E4 ,E5 ,AO 
EO ,E2 ,E3 ,Cl6,814,E4 ,E5 ,AO EO ,E2 ,E3 ,C16,E4 ,E5 ,AO 
EO ,E2 ,E3 ,818,Cl6,E4 ,E5 ,AO EO ,E2 ,E3 ,86 ,Cl6,E4 ,E5 ,AO 
EO ,E2 ,E3 ,826,Cl6,E4 ,E5 ,AO EO ,12 ,E3 ,814,C16,E4 ,E5 ,AO 
EO ,Cl2,817,E2 ,E3 ,Cl2,AO EO ,Cl2,822,E2 ,E3 ,C12,AO 
EO ,Cl2,825,E2 ,E3 ,Cl2,AO EO ,Cl2,827,E2 ,E3 ,C12,AO 
EO ,Cl2,815,E2 ,E3 ,Cl2,AO EO ,Cl2,E2 ,E3 ,Cl2,817,AO 
EO ,Cl2,E2 ,E3 ,Cl2,822,AO EO ,C12,E2 ,E3 ,Cl2,825,AO 
EO ,Cl2,E2 ,E3 ,Cl2,827,AO EO ,Cl2,E2 ,E3 ,Cl2,815,AO 
EO ,Cl2,E2 ,E3 ,C12,E3 ,E4 ,AO EO ,C12,85 ,E2 ,E3 ,Cl2,E4 ,E5 ,AO 
EO ,Cl2,823,E2 ,E3 ,Cl2,E4 ,E5 ,AO EO ,C12,813,E2 ,E3 ,Cl2,E4 ,E5 ,AO 
EO ,Cl2,814,E2 ,E3 ,C12,E4 ,E5 ,AO EO ,C12,E2 ,E3 ,Cl2,816,E4 ,E5 ,AO 
EO ,Cl2,E2 ,E3 ,C12,85 ,E4 ,E5 ,AO EO ,Cl2,E2 ,E3 ,Cl2,823,E4 ,E5 ,AO 
EO ,C12,E2 ,E3 ,Cl2,813,E4 ,E5 ,AO EO ,Cl2,E2 ,E3 ,C12,814,E4 ,E5 ,AO 
EO ,Cl2,E2 ,E3 ,816,C5 ,AO EO ,C12,E2 ,E3 ,822,C5 ,AO 
EO ,Cl2,E2 ,E3 ,825,C5 ,AO EO ,Cl2,E2 ,E3 ,827,C5 ,AO 
EO ,Cl2,E2 ,E3 ,815,C5 ,AO EO ,C12,E2 ,E3 ,C5 ,816,AO 
EO ,Cl2,E2 ,E3 ,C5 ,822,AO EO ,Cl2,E2 ,E3 ,C5 ,825,AO 
EO ,Cl2,E2 ,E3 ,C5 ,827,AO EO ,Cl2,E2 ,E3 ,C5 ,815,AO 
EO ,Cl2,E2 ,E3 ,C5 ,E4 ,E5 ,AO EO ,C12,E2 ,E3 ,819,C5 ,E4 ,E5 ,AO 
EO ,C12,E2 ,E3 ,823,C5 ,E4 ,E5 ,AO EO ,Cl2,E2 ,E3 ,813,C5 ,E4 ,E5 ,AO 
EO ,C12,E2 ,E3 ,814,C5 ,E4 ,E5 ,AO EO ,Cl2,E2 ,E3 ,C5 ,819,E4 ,E5 ,AO 
EO ,Cl2,E2 ,E3 ,C5 ,823,E4 ,E5 ,AO EO ,Cl2,E2 ,E3 ,C5 ,813,E4 ,15 ,AO 
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EO ,Cl2,E2 ,E3 ,CS ,814,E4 ,ES ,AO EO ,Cl2,E2 ,E3 ,Bl6,C13,AO 
EO ,Cl2,E2 ,E3 ,822,Cl3,AO EO ,Cl2,E2 ,E3 ,B12,C13,AO 
EO ,C12,E2 ,E3 ,827,C13,AO EO ,Cl2,E2 ,E3 ,815,C13,AO 
EO ,Cl2,E2 ,E3 ,C13,816,AO EO ,Cl2,E2 ,E3 ,C13,822,AO 
EO ,C12,E2 ,E3 ,C13,812,AO EO ,C12,E2 ,E3 ,C13,827,AO 
EO ,Cl2,E2 ,E3 ,C13,815,AO EO ,Cl2,E2 ,E3 ,Cl3,E4 ,E5 ,AO 
EO ,Cl2,E2 ,E3 ,820,C13,E4 ,ES AO EO ,Cl2,E2 ,E3 ,823,Cl3,E4 ,ES ,AO 
EO ,Cl2,E2 ,E3 ,Bl3,Cl3,E4 ,E5 ,AO EO ,C12,E2 ,E3 ,B14,C13,E4 ,E5 ,AO 
EO ,Cl2,E2 ,E3 ,C13,820,E4 ,ES ,AO EO ,C12,E2 ,E3 ,C13,B23,E4 ,ES ,AO 
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